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) (549 Lens barrel havmg a hnear gulde gmove

: 57)

A lens barrel 10 mcludes an outer barrel 12 prowded on an inner penphery thereof wnth a furst thread

12a and at least one linear guide groove 12bi intersecting the first thread and extending in a diréction of an
optical axis of the lens barrel; a middle barrel 16 provided on an outer periphery thereof with a second thread
16a meshing with the first thread; an inner barrel 17 positioned inside the middle barrel and having at least .
one follower 17ci which engages with the linear guide groove, so that the inner barrel is guxded along the .
optical axis without rotating about the optical axis with respect to the outer barrel; and 4 recess (12g; Figs 3 6) .
formed at a front end of each:linear guide groove having a width d:mensnon to enable rotational movement of.
the foillower into the linear guide groove during initial meshing of the mnddle barrel with the outer barrel." .
(A part of the outer penpheral surface (12p Flg 28) of barrel 12 may be ﬂat {12x, an 28) '
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" LENS BARREL HAVING A LINEAR GUIDE MECHANISM.

The present lnventlon relates to a lens barrel havzng a.

llnear gulde mechanlsm for guldlng a llnear mov1ng barrel

'prov1ded in the lens barrel along an optlcal axis thereof

w1thout rotatlng about the optlcal aXlS.~,

A conventlonal lens shutter type of zoom lens camera

. havzng a telescoplng type of zoom lens barrel,'rsywldely'

"knoWnJ, In such a type of zoom lens.camera,:a zoom lens%

barrel unlt 1s usually assembled separately from a maln bodyh“

’f(camera body) of the camera,_before belng 1nstalled 1n a .

,hou51ng of the camera body The hous1ng of the camera body

. is. usually prov1ded on an 1nner perlpheral surface thereof{.

w1th a female hellc01d and a plurallty of llnear gulde,

.grooves 1ntersect1ng the female hellccxd and extendlng in
';the optlcal ax1s dlrectlon ' Wlth the camera body havxng

"such a hou51ng,'the zoom lens barrel unlt is usually'

1nstalled u51ng the follow1ng method Namely, the zoom lens

‘Cbarrel unlt 15 flrstly 1nserted 1nto the hou51ng from a rear~
of the hou51ng Subsequently, the male he11c01d formed on"

- an outer perlpheral surface of the outermost barrel of the

_Page 33 of 106
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‘ projectlons engaglng w1th the plurall-yfof llnear gulde}

. a cam groove formed on an 1nner perlpheral surface thereo

1zoom lens barrel unlt, is brought 1nto mesh w1th the female 3} a

..(.

he11c01d 'formed on an 1nner perlphery of the houslng

".Thereafter,ga llnear gulde plate, pronded Wlth a plurallty -

of. radlal follower pro:ectlons, 1s secured to the rear end..

of the outermost barrel w1th the plurallty of follower

igrooves of the hous1ng

with' : such'an-installing’method' 1t is necessary '

‘to carry out several processes to lnstall the zoom lens

*barrel unit in the hou51ng of the camera body This is

troublesome, and 1ncreases lnstallatlon:tlme

When a lens barrel 1s desmgned havmng a gulde groove or; o

whlch engages w1th a- follower projectlon prov1ded_onga]7;[;

' 'predetermlned member to gulde the same along the groove, the'ff

w1dth and depth of the groove, whlch are conszdered to be

'suff1c1ent to malntaln the mechanlcal strength of the lens‘

barrel are flrstly determlned before the whole dlmen51on of,

_ the lens barrel (thlckness, d;ameter,:etc.).ls determlned.
'Therefore, in general, such a lens barrel’having a guide or

cam groove tends to be designed,as‘a member which is too

thick and too large.

An object of the presentlinvention is to provide a lensv

34 of 108



barrel hav1ng a llnear guzde mechanlsm for guldlng a- llnear'
movlng barrel along an optlcal ax1s, whlch. 1s space-:

'eff1c1ent and 51mp11f1es the process necessary for

~camera
Another obfect of<thefpresent;lnventlonAisito provide a_"
vlensbharrel having a”linear"guide'mechanismvfor'guiding'a
llnear mov1ng barrel along an optlcal ax1s, whlch makes it
: ﬂpOSSlble to reallze ‘a small 51zed lens barrel | whlled
.malntalnlng a suff1c1ent mechanlcal strength of the lensf'

fbarrel.

}to an aspect of the present 1nventlon, there 1s prov1ded aQ:

lbflens barrel 1nclud1ng ‘an outer barrel prov1ded on an 1nner

perlphery thereof w1th a. flrst thread and at least ‘one

linear gulde groove 1ntersect1ng the flrst thread and'

extendlng in a dlrectlon of an optlcal axls of the lens

barrel a mlddle barrel prov1ded on. an outer perlpheryh-

thereof w1th a second thread meshlng w1th the flrst thread

an inner barrel p051tloned 1n51de the mlddle barrel the’
‘inner barrel belng prov1ded w1th at least one follower whlch.

'engages w1th the at least one llnear gulde groove, so that-:

the lnner barrel is guzded along the optlcal axis - W1thout

rotatlng about the optlcal axls w1th respect to the outerv

'\barrel and a recess formed at a front end of each of the at

. _Page 35 0f 106

'lnstalllng the zoom lens barrel unlt 1n the hou51ng of theh;f:ff

Accordlng I



L outer barrel

‘outer barrel the recess hav1ng a wrdth dlmen51on to enableﬁ
'rotatlonal movement of the at least one follower 1nto the at’
least one llnear gulde groove durlng lnltlal meshlng of thefﬂ

mlddle barrel w1th the outer barrel Wlth thls structure,v,>ff

'1nto mesh w1th the outer: barrel but also for formlng part of

the llnear gulde groove Thus, the recess is space-eff1c1en*

tly formed‘on a front part of the outer barrel which

contrlbutes to the reallzatlon of a small and compact lens'f
,barrel.

Preferably, the lens barrel further lncludes an annular:'f

;retalnlng member whlch engages w1th a front end of the outer"

barrel ‘after” the mlddle barrel has been engaged w1th the .

Preferably,:the annular retalnlng memberbls provrdedi;
~u¥w1th at least one engaglnglprOJectlon whlch engages wrth thedr_

;at least one recess | .
Preferably, the at.least'one_engaging projectlon‘has a

“surface determining a front extremity of. the at least one

linear guide groove.

'Preferably,ithe at-least'one-linear'guidefgroove is'

.surface formed on the lnner perlphery of the. outer barrel:,n

the flrst and the second 51de surfaces extendlng in - the

’ ,the recess is used not only for brlnglng the mlddle b 'rel o

»deflned between a flrst s1de surface ‘and a second sxde;”

__Page 36 of
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dlrectlon of the optlcal axls, and'wherein the at least one'

engaglng pro;ectlon is prov1ded w1th a llnear gulde surface d

Wthh together w1th the flrst slde surface llnearly guldes

the at least one follower

Preferably, a dlstance between the flrst 51de surface N

. and the second 51de surface 1s less than a dlstance between

the llnear gulde surface and the second 51de surface.

Preferably, the recess is prov1ded with a surface-
'1nc11ned parallel to the flrst thread

Preferably, the outer barrel is formed 1ntegral w1th a

statlonary block provzded 1ns;de a camera body

Preferably, the mlddle barrel is. movable along the

_ optlcal axls together w1th the 1nner barrel w1thout varylng ‘
a. dlstance therebetween, whlle the mlddle barrel rotates'

about the optlcal axis relatlve to the 1nner barrel

Preferably, the at least one follower 1s formed ‘at a

‘rear end of the 1nner barrel outwardly 1n a radlal dlrectlon
of the 1nner barrel to engage w1th the at least one llnear,”

'gulde groove. ”h'

Preferably, the at least one engaglng pro;ectlon is

»prov1ded with an engaglng claw whlch projects outwardly in a
radlal dlrectlon of. the annular retalnlng member,'the

,engaglng claw engaging with a hole formed in the recess.

,Preferably, the lens:barrel further'includes at least

one projection formed at a bottom of the at least one'linearf:

o .__.Page 37 of 106



gulde groove, the at least one - projectlon engaglng w1th the.
second thread so as to functlon as a part of the flrst

thread

Preferably, the:at least one follower and.the at" least;ber1

'hfone llnear gulde groove are each formed to have a w1dth:§uf

}greater than a predetermlned'mlnlmum w1dth and a helght
'equal to a predetermlned minimum helght. |
Preferably, the at least one pro:ectlon 1s formedAh
-substantlally in a- mlddle of the at least one llnear gulde.
.groove 1n a c1rcumferent1al dlrectlon of the outer barrel ‘
Accordrng to another aspect of the present lnventlon,h"

there ls prov1ded a 1ens barrel lncludlng anfouterfbarrel_

‘:Prov1ded on an 1nner perlphery thereof w1th a‘f;rstjthreadff‘h”'

and a plurallty of llnear gulde grooves each 1ntersect1ngq

h the. flrst thread and extendlng 1n a dlrectlon of an- optlcalfp
;axls of the lens barrel a mlddle barrel provrded on . anl.
iouter perlphery thereof w1th a second thread meshlng w1th,d”
.the flrst thread so that the mlddle barrel 1s movable along V
:ithe optlcal axls whlle rotatlng about the optlcal axls w1th»

respect to the outer barrel an 1nner barrel p051t1oned

1nsrde the mlddle barrel and moved together w1th the lnner

;barrel along the optlcal axls, the 1nner barrel belngi

v‘prov1ded at a rear end thereof w1th a plurallty of followersh
which respectlvely engage,w1th‘the plurallty of,llnear gurdef'j.

grooves, so that inner barrel is 'guided along‘the»optical



axis’ w1thout rotatlng about the optlcal ax1s w1th respect to

‘the « outer barrel a plurallty of recesses each formed at a

front end of a correspondlng one of the plurallty of lln arfi

'gulde grooves on the 1nner perlphery of the outer barrel:
the plurallty of recesses each hav1ng a w1dth greater than,'

the correspondlng one of the plurallty of llnear gulde‘

grooves, and an annular retalnlng member for preventlng the

mlddle barrel from dlsengaglng from the outer barrel the

annular retalnlng member belng prov1ded w1th a plurallty of'
engaglng progectlons each extendlng in the dlrectlon of the'

- optlcal axis to engage w1th ‘a correspondlng one- of the

-.Page 33 0f 106

plurallty of recesses, the annular retalnlng member belngﬁg;ﬁfs L

: secured to: a front end of the outer barrel after the mlddlle"-
‘barrel has been engaged w1th the outer barrel w1th the:;

’plurallty of engaglng projectlons respectlvely engaged w1th-

. the plurallty of llnear guide grooves..

Accordlng to yet another aspect of the present
' 1nventlon, there is prov1ded a lens _barrel: lncludlng 'an>”
outer barrel prov1ded on an. 1nner perlphery thereof w1th a-

flrst thread a mlddle barrel prov;ded on an outer perlphery'

thereofvwrth a second,thread meshang with the first.thread
of the.outer barrel; an inner barrel p051tloned 1n51de the

mlddle barrel and prov1ded w1th at least one follower,:an

[“annular retalnlng member secured to a front end of the outer:

barrel for preventlng the middle barrel from- dlsengaglng
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: annular member arranged concentrlcally w1th the barrel the 5

from'the‘outer ‘barrel; at least one llnear gulde groovef

whlch extends in a dlrectlon of an’ optlcal axls of the lens

barrel and w1th Wthh the at least one follower engages,

where;n a part of the at least one llnear gulde groove is -

formed on the annular retalnlng member-and a. remalnlng partf
‘of the at least one llnear gulde groove 1s formed on an-

1nner perlphery ‘of the outer barrel

In relatlon to the - latter object mentloned above accordlng

.to another aspect of the present 1nventlon, there 1s.
prov1ded a lens barrel 1nclud1ng a barrel prov1ded on’ an'
inner perlphery thereof with a llnear gulde groove extendlng -

jln a dlrectlon of an optlcal axls of the lens barrel; and an

3annular member belng prov1ded w1th a follower whlch engages,.

w1th the llnear gulde groove so that the annular member 1s7’ a

_'gulded along the optlcal axls w1thout rotatlng about the

optlcal axis relatlve to’ the barrel whereln a: part of an
outer perlphery of the barrel whlch is located adjacent tol
the llnear gulde groove is formed as a plane surface, and_

lfurther whereln a dlstance between the plane surface and the:~

optlcal axis 1s shorter than a dlstance between the optlcal

ax1s and a part of the outer perlphery of the barrel whlch_

is not formed as the plane surface

Preferably, a bottom of the llnear gulde groove is

formed as ‘a plane bottom surface extendlng in the direction

__Page 40 of 106



of the optical'axis'and perpendicular to a radial direction o
of'the barrel the plane surface belng formed parallel to_

the plane bottom surface

Preferably, the lens barrel further 1ncludes_ a flrst

' thread formed on the 1nner pe ,phery of theﬂbarrel so that_a

the llnear gulde groove extends w1th1n the flrst thread a

rotatlonal barrel p051tloned inside the barrel and. prov1ded

__Page 41 of 106

;w1th a second thread whlch meshes Wlth the flrst thread so

' that the rotatlonal barrel is movable along the optlcal axls
-whlle rotatlng about the opt1ca1 axls relatlve to the_
'barrel -and at least one pro;ectlon formed at a bottom of.
‘the llnear gulde groove, the at. least one - pro;ectlon:
engaglng w1th the second thread so as to functlon as -a part
of the flrst thread A_ |
Preferably, the .follower and -t‘he- 1’15;35:‘ guide’ groove -
..are each formed to have a w1dth greater than a predetermaned
-mlnlmum w1dth and a helght equal to a predetermlned mlnlmum"
‘helght | ' |
: Preferably,_the at least one pro;ectlon is formed'
-substantlally in a mlddle of the llnear gulde groove in- a'
'c1rcumferent1al dlrectlon of the barrel | |
._Accordlng_'to yet- another- aspect.‘of 'thelfpresent
inventioh, there is prov1ded a lens barrel 1nclud1ng an

_outer barrel provrded on an 1nner perlphery thereof wrth a

first,thread and a linear guide'grooVe interseCtingbthe.



fof the llnear gulde groove,;the””

' of the flrst thread

;of

‘flrst thread and extendlng 1n a dlrectlon of an optlcal axls“*'

>

of the lens barrel a mlddle barrel provrded on an outer

'perlphery thereof w1th a second thread meshlng w1th the>4

flrst thread an 1nner barrel pOSLtloned 1n51de the mlddle

"barrel and provrded w1th a follower whlch engages w1th the

‘llnear gulde groove to be gulded along;the llnear gulde
: groove, the mlddle barrel belng movable along the optlcal

,axls together w1th the 1nner barrel w1thout varylng a

dlstance between the mlddle and the 1nner barrels whlle the'
m;ddle barrel rotates about the optlcal ax1s relatlve to the

'1nner barrel and at least one pro;ectlon formed at a bottom

engaglng w1th the second thread s¢

Accordlng to yet another aspect of the present

'-inventlon,_there is prov1ded a;lens barrel 1nclud1ng; a

barrel prov1ded on an 1nner perlphery thereof w1th a

plurallty of llnear gulde grooves each extendlng 1n a h
'dlrectlon of an optlcal ax1s of the lens‘barrel 'and an-
annular member arranged concentrlcally wlth the barrel the
annular member belng provmded w;th a plurallty of followersl
"whlch respectlvely engage w1th the plurallty of llnear gulde:
Ajgrooves ‘SO that the annular member lS gulded along the

-optlcal ax1s w1thout rotatlng about the optlcal axls;

relatlve to the barrel whereln a part of the barrel where,;
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i

zoom lens camera, 1llustrat1ng

131

one of the plurallty of llnear gulde grooves is formed has a'
'thlckness thlnner than any other parts of the barrel where~~
' the rest of the plurallty of llnear gulde grooves are

":formed

" An example of the present 1nventlon Vlll now

be descrlbed below in detall w1th.
reference to the accompanylng:drawlngs'1n3which similar -
.elements>are indicated_by4Similar reféréncefhﬁheiéls; and
JWherein:-

Flgure 1 is a schematlc perspectlve v1ew of a flxed7

Page 43 of 106

lens barrel block and a zoom lens barrel unlt prov1ded 1n a _«f'

1_ barrel unlt 1s 1nstalled 1n the flxed lens barrel block

v,state before the zoom lensf

Flgure 2 is a schematlc perspectlve v1ew of the flxed L

lens barrel block,-the-zoom lenS'barrel.unit andvan annularo -
fixing member,jillustrating'a state after the zOOm'lens

:barrel unlt 1s 1nstalled in the flxed lens barrel block

Flgure 3 is a schematlc perspectlve v1ew of the leEd

lens barrel block shown 1n Flgure 1 or 2

Flgure 4 is an enlarged schematic perspectlve v1ew of a _

thlrd mov1ng barrel shown 1n Flgure 1 or 2
Flgure 5 is an enlarged schematlc perspectlve view of

the annular flxlng member shown 1n Flgure 2

Flgure 6 is a schematlc developed view of a part of the"



_the flxed lens barrel block shown 1n Flgure 6f

12

fiied lensrbarrel blockfshown‘in Figure 1, 2 or 3
‘1llustrat1ng a llnear gulde mechanlsm ‘of: the zoom lensA

‘{barrel unlt

._Page 44 of 106

Flgure 7 is .a: schematlc developed v1ew ofﬁthe part ofi_?ﬁf"

the annular f1x1ng member engaged w1th the flxed lens barrel -

block 1llustrat1ng' the linear guide mechanlsm in a

different'state from that shown in Figure 6;

: Flgure 8 is an enlarged v1ew of a part of the view .

: shown 1n Flgure 7

Flgure 9 is an enlarged schematlc perspectlve view

-show1ng a. part of a zoom lens barrel-
Flgure 10 1s schematlc perspectlve view show1ng the_"

part of the zoom lens barrel ‘shown ' in Flgure 9 in an engagedf

state;

Flgure 11 1s a schematlc perspectlve v1ew 1llustrat1ngz“

‘a state where an AF/AE shutter unlt of the zoom lens barrel

is mounted to a flrst mov1ng barrel

Flgure 12 is an enlarged exploded perspectlve wlew of a
part of the zoom lens barrel

Flgure 13 1s an exploded perspectlve v1ew 111ustrat1ng

main parts of the AF/AE shutter unlt of the zoom lens barrel

_.shown in. Flgure 9 .10, ll or 12

Flgure 14 is an enlarged schematlc perspective view of

the third mov1ng barrel shown in Flgure 4 shown from a

nd%a part of; mi'
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hdlfferent angle,

Flgure 15 1s an- enlarged perspectlve v1ew of a llnear

'gulde barrel of the zoom lens barrel

Flgure 16 isa front elevatlonal v1ew of the flxed lens'.»:A'

V,barrel block shown 1n Flgure 3 w1th other members 1nstalleda,

;f'ln the flxed lens barrel block
Flgure 17 1s a sectional view of an upper part of the.
7‘_zoom lens barrel in a maximum extended state, '

Flgure 18 is a sectlonal v1ew of an upper part of the
Zoom 1ens barrel rllustratlng . maln‘ elements 1n>as

housed state;

‘ Flgure 19 is a sectlonal v1ew of the upper part of the

-:—zoom lens barrel shown ln Flgure 18 1n the max1mum extended
"_state,ff.

Flgure 20 is a sectlonal view of an . upper part of the»'

zoom lens barrel in the housed state,

Flgure 21 1s an exploded perspectlve view of the

overall structure of the zoom -lens barrel
Flgure 22 ls,a'bloCkcdlagram of a controllin§7system
for controlllng an operatlon of the zoom lens barrel

Flgure 23 1s a rear elevatlonal view of the flxed lens'

barrel block and. some other members 1nstalled 1n the fzxed*

lens barrel block, shown ;n:E;gure 16;;

Figure 24Yis_a.Se¢tional view of anlupper part of the

zoom lens barrel;
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Flgure 25 is a sectlonal view of the flxed lens barrelgf

'block and the llnear gulde barrel l7 show1ng the state of

engagement of engaglng projectlons and llnear gulde grooves,

Flgure 26 is . a- plan v1ew of a part of a. cyllndrlcal“_ o

portlon formed 1ntegral w1th the flxed lens barrel block

Flgure 27 is a dlagram 1llustrat1ng the dlfference 1n'e:
thickness of the cyllndrlcal'portlon between'a part of the

cylrndrlcal portlon where one 11near gulde groove 1s formed'

-

’and another part of the cyllndrlcal portlon where anotherA"

.gulde groove, havrng a w1der Wldth 1s formed~

Flgure 28 1s an- enlarged sectlonal view of an engaglng‘

‘projectlon and a. llnear gulde groove wzth whlch the engaglng :

1projectlon engages,_'

Figure 29 is a sectional view of the fixed lens,harrel

block andpa.wall forming a film chamber oﬁnthe zoon lens f_:'.

' camera; .
Flgure 30 is a- sectlonal v1ew of an upper part of a o

llens supportlng barrel whlch supports a front lens group

therein, and a lens flxlng rlng whlch is to be screw engaged

with the lens'suppOrtlng barrel;
Flgure 31 1s an enlarged perspectlve v1ew of the 1ens '

isupportlng barrel shown ln Flgure 30 and

Flgure 32 1s an- enlarged sectlonal v1ew of a part of

““the lens flxlng'r;ng shown,rn~Flgnre 30.
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Flgure 22 is a schematlc representatlon of varlous

'velements whlch comprlse a. preferred embodlment of a zoom .

';lens camera to whlch the present 1nventlon is: applled A

, concept of the present zoom lens' camera w1ll now ‘be-

.1 descrlbed w1th reference to Flgure 22
The zoom lens camera 1S-prov1dedluith>a'zoom lens :
‘barrel ‘(-z'oom lens) 10 of a three stage del:.very type
(telescoplng type) hav1ng three mov;ng barrels, namely a
'flrst mov1ng barrel 20 ‘a second mov1ng barrel 19 and a
. thlrd mov1ng barrel 16 whlch are concentrlcally arranged 1n,-

thls order from ‘an optlcal axls o In the zoom lens barrellﬂal"

'10 two lens groups are prov1ded as a pho:ographlc,optlcalg
.system,rnamely a. front lens group Ll hav1ng p051t1ve power
'_Hand a’ rear lens group L2 hav1ng negatlve power |
| In the camera body, a whole optlcal unlt dr1v1ng motor:
__controller 60 a rear lens group dr1v1ng motor controllerdf
,61 .a zoom operatlng device 62 a focus operatlng dev1ce 63
van object dlstance measurzng apparatus 64 a photometerlng
: ‘apparatus 65 and an’ AE (1 e., automatlc exposure) motort-'
1Acontroller 66 are prov1ded Although the speclflc focu51ng
asystem of the object dlstance measurlng apparatus 64 whlchl
, is used to prov1de 1nformatlon regardlng the object-to—-"
’ ‘-.camera.dlstance, does not form part of the present,‘

1nventlon, one such sultable system lS dlSClOSEd 1n commonly
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-assignedfﬂjxl éatent Appllcatlon No 2298331 flled on

- ———

Februaryzlzz; 1996, - and publlshed on 28 August 1996

Although the',l

focu51ng systems dlsclosed in U. K .. Patent Appllcatlon No

2298331 ‘are of the so-called pa551ve' type,iother known o

autofocus systems (e g . actlve range flndlng systems suchf :

as those based on lnfrared llght and trlangulatlon) may be

used. Slmllarly,_a photometerlng system as dlsclosed ln the. “1

above-noted U.K. Patent Appllcatlon No. 2298331 "could'be

-lmplemented as photometerlng apparatus 65
The .zoom operatlng dev1ce 62 can be prov1ded 1n the_”

'form of for'example,va manually operable zoom operatlng

"lever (not shown) prov;ded on the camera body or a palr of~
- zoom buttons, e. g La w1de"'zoom button and a 'tele,,zoom

vbuttony (nottshownl provided on‘the-camera-body ' Wﬁéhithé

. zoom operatlng dev1ce 62 is operated the whole optlcal unit
dr1v1ng motor controller 60 drlves a whole opt1ca1 unlt
dr1v1ng motor 25 to move the front 1ens group L1 and the’

_ rear lens-group L2 rearwardly or forwardly w1thout_regard'“

to a focal length and a focal po;nt thereof In the

follow1ng explanatlon, forward and rearward movements of the'
'flens groups L1 and L2 by the whole opt1cal unlt dr1v1ng}>“

j"motor controller 60 (the motor 25) are referred to as’ theﬂ”':

movement t0ward ‘tele' and the movement toward ‘Wlde'

respectively, 51nce forward and rearward movements of the

._Fage 48 of 106
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lens groups Ll and L2 occur when the zoom operatlng dev1ce

'62 is operated to “tele and w1de posrtlons

The lmage magnlflcatlon of the v1sual fleld of a zoom

flnder 67 prov1ded ln the camera body varles ln sequence‘
w1th the varlatlon of the focal length through the operatlon:
"of the' zoom operatlng dev;ce 62 ln Therefore,‘.the

photographer can percelve the varlatlon of the focal length’

by observ1ng the varlatlon of 1mage magnlflcatlon of the

v1sual fleld of the flnder In addltlon, the focal length

set by the operatlon of the zoom operatlng dev1ce 62, may be’

percelved by a value 1nd1cated on an LCD (llquld crystal

dlsplay) panel (not shown) or the llke.

when the focus operatlng dev1ce 63 is operated thé3
, whole optlcal unlt dr1v1ng motor controller 60 drlves the.

'whole optlcal unlt dr1v1ng motor 25._ At the same tlme the:J

rear. lens group dr1v1ng motor controller 61 drlves a’ rear'
'lens group dr1v1ng motor 30 Due to. the dr1v1ng of the
. whole optlcal unlt dr1v1ng motor controller 60 and the rear

" lens group dr1v1ng motor controller 61 the front and rear

lens groups Ll and L2 are moved to respectlve posxtlons

correspondlng to a set focal length and a detected object

.distance and thereby' ‘the zoom lens is’ focused on the

subject.

Speczflcally, the focus operatlng device 63 is prov1ded-

w;th a release button (not shown) prov1ded én an upper wall

.. Page 49 of 106
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;6f-the camera body."hiphotometeflnéfsnitch and alféleaéé
sw1tch (both not shown) are synchronlzed W1th the releasei
'buttonﬁ When the release button 1s half depressed (half,-
””ystepf, fh focusifoperatlng dev1ce él: causes .thelf

'photometerzng sw1tch to be turned ON and the object f'

'dlstance..measurlné.wandg photometerlng 'commands “are
Arespectively 1nput "to the 'object dlstance measurlng
apparatus 64 and the photometerlng apparatus 65 4

| " When the release button is fully depressed (full step),.
" the focus operatlng dev1ce 63 causes the’ release sw1tch to
be turned ON, and accordlngvto the result of object'dlstance
.measurlng demand and a set focal length the whole optlcal;
’runlt dr1v1ng motor 25 and the rear lens group dr1v1ng motor:

’30 are drlven,.and the focu51ng operatlon, whlch the

"~_front lens group Ll and the rear lens group L2 move to the;n

focu51ng p051tlon, is executed Further "an "AE motor 29 of

‘an"AF/AE .(i-e | autofocus/autoexposure) :shutter unlt '
(electrlcal unlt) 21 (Flgure 20) is drlven via the AE motor‘
' controller 66 to actuate.a shutter 27.~ During-the shutter'
action, the AE motor controller 66 drlves the AE motor 29 to

open shutter blades 27a of the shutter 27 for a spec1f1ed_
‘perlod of tlme accordlng to the photometerlng 1nformatlon '

'output from the photometerlng apparatus 65.

. When the;zoom operatlng dev1ce_62 1s_operated, the zoom

operating device 62 drives the wholeroptical,unit'driving
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- -motor 25 ‘to move the front and rear lens groups Ll and L2'- T

together as a whole 1n the dlrectlon of the optlcal ax1s o L

.(optlcal ax1s dlrectlon) Slmultaneous Wlth such a
movement the rear- lens group dr1v1ng motor 30 may also be””f

“.drlven via. the rear lens group dr1v1ng motor controller Sl?ﬂf

'to move the rear lens group L2 relatlve to the front lens'-
'group Ll. However, thls 1s not performed under the

: conventlonal concept of zoomlng in whlch the focal length 13;

: varled sequentlally w1thout mov1ng the pos;tlon of the focal. r
"p01nt | When the zoom operatlng dev1ce 62 1s operated the‘
::follow1ng two modes are. avallable, namely.,
: l; a mode to move the front lens group Ll and the rear_,'

’;lens group L2 in the optlcal axls dlrectlon w1thout varylng_

the dlstance therebetween by dr1v1ng only the whole optlcal

unit- dr1v1ng motor 2S~.and

2. a mode to move the front lens group Ll and the rear

: lens group L2 1n the optlcal ax1s dlrectlon whlle varylng'“
“the dlstance therebetween by dr1v1ng both the wbole opt1ca1.~"
"unlt dr1v1ng motor 25 and the rear lens group dr1v1ng motor

30.

In mode 1 durlng a zoomlng operatlon an 1n focus

Acondltlon cannot be obtalned at all tlmes w1th respect to a

subject 1ocated at a: spec1f1c dlstance, However, thls 1s

jnot a problem ln a lens shutter type camera,,51nce the lmage]

~of the subject is not observed through the photographlng



20

“is prov1ded separate from the photographlng optlcal system,f
.;'and it is suff1c1ent to only be focused when the shutter 1s.,_
released.--In mode 2 durlng a zoomlng‘operatlon, the fronti;
.lens group L1 and the rear lens group L2 are moved w1thout'
'regard to whether the focal p01nt moves,’and when the“”:
shutter is released the focuSLng operatlon (focus adjustlng )

- operatlon) 1s carrled .out by mov1ng both the whole optlcalfv

unlt dr1v1ng motor 25 and the rear lens group dr1v1ng motor

'30.

When the'foCuS‘Operating device 63 is operated in'at_‘

operatlng dev1ce 62 the whole optlcal un1t dr1v1ng motor 25?2”;
_and the rear lens group dr1v1ng motor 30 are drlven to brlng

the subject into focus The amount of movement of each lens“_

group Ll or L2 by the whole optlcal unlt dr1v1ng motor 25

'and the rear lens group dr1v1ng motor 30 is determlned not;<
only us1ng subject dlstance 1nformatlon prov1ded from the
obJect dlstance measurlng apparatus 64 but also by u51ngg
_focal length 1nformatlon set by the zoom operatlng devzce
I62(_ In such a manner, when the focus operatlng devzce 63 is

operated by mov1ng both the whole optlcal unlt dr1v1ng

motor 25. and the rear lens group derlng motor 30 the

pos;tlon of the Llens groups L1 L2: can, be flexlbly

‘controlled, as . compared with lensvmovements.controlled by.

;optlcal system, but through the flnder optlcal system that“j..'

,least one part of the focal length range set by the zoom_.i.

Page 52 of 106



21,

cam. -

The*2oon“lenstcanera'éf}thrsnemhodlment'canAalso be
:controlled 1n -a dlfferent manner such that durlng an.'
,-operatlon of the ‘zoom operatlng dev1ce 62 only the'
‘,magnlflcatlon of the zoom flnder 67 and the focal length

1nformatlon are varled w1thout dr1v1ng elther the whole -

' optlcal unit dr1v1ng motor 25 or the rear lens group dr1V1ng

'motor 30 When the focus operatlng dev1ce 63 1s operated

‘5both the whole optlcal unlt dr1v1ng motor 25 and the rear'

_lens group dr1v1ng motar 30 are moved s;multaneously

.:}accordlng to the focal length 1nformatron and the subJect

dlstance 1nformatlon obtalned by the obJect dlstance;j-'

'“fmeasurlng apparatus 64 to move the front lens group L1 ‘and

'the rear lens group L2 to respectlve p051tlons determlned

?ﬂweccordlng to the focal length and the subject dlstance

-1nformat1on

An embodlment of the zoom lens barrel accordlng to the

. above concept w1ll now be descrlbed w1th reference to malnly‘ A

VFlgures.Zl'and 22,
The_overall structure‘ofjtheiioomflens Barfgi;lo»will

-firstly be described

, The zoom lens barrel 10 is prov1ded w1th the first.

'mov1ng barrel 20 the second movrng barrel 19 the third

‘mov1ng barrel 16' and a flxed 1ens barrel block 12 -The

.thlrd movzng barrel 16 is engaged w1th a cyllndrlcal portlon



GB230953L_ _ - . ... . m__. e e . o e P22 54 0 108

22
12p of the fixed lens barrel block 12, and moves in the.
optical axis.direction upon‘heing'rOtated' The third moﬁlng*-
barrel 16 1s prov1ded on an lnner perlphery thereof w1th a"

llnear gulde barrel 17 whlch 1s restrlcted ln rotatlon

The llnear gulde barrel 17 and the thlrd mov1ng‘barre1 16{5"

bl move together as a-whole in’ the optlcal axis dlrectlon; w1th
the thlrd movrng barrel 16 rotatlng relatlve to the llnear_
gulde barrel 17 The first moving barrel 20 moves in the
optlcal axis dlrectlon w1th rotatlon thereof belngl
-restricted.-AThe second.mov1ng barrel 19 moves in the o
optical axis dlrectlon, whlle rotatlng relatlve toAthed
llnear gulde barrel 17 and the flrst mov1ng barrel 20 Thef:'-
whole optlcal unlt dr1v1ng motor 25 is secured to the flxedi"
lens barrel block 12 " A shutter mountzng stage 40 is
secured tod- the flrst mov1ng barrel 20 The AE motor 29 and:
:the rear lens group dr1v1ng motor 30 are mounted on thev
shutter mountlng stage 40 The front lens group Ll and the'
rear lens group L2 are: respectlvely supported by a lens
supportlng barrel (lens supportlng annular member) 34 and a
lens supporting barrel SO
‘An O-ring 70, made ofr a rubber or ':hé ulike, is
posltloned between an outer perlpheral c1rcumferent1alh
surface of the lens supportlng barrel 34 1n the.vrC1n;ty of.
the front end thereof, and an lnner‘_peripheral“

circumferentialvsurface of an inner?flange portion 20b
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formed 1ntegral w1th the flrst mov1ng barrel 20 1n the
‘ v1c1n1ty of the front end thereof -as shown ln Flgure 20 S

’The o rlng 70 prevents water from penetratlng the zoom lens

' barrel 20 and the lens supportlng barrel 34.
As shown in Flgure 30 the front lens group Ll consrsts'

‘of flve 1enses, namely, a first lens (frontmost lens) L1a, al

secondvlens-le a third lens Llc, a fourth lens le and a

flfth lens Lle in thls order from an object 51de to an 1mage l_

,'slde, i.e., from the left hand 51de to the rlght hand side

as v1ewed in Flgure 30.
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A front posztlonlng rlng 36 for determlnlng a dlstancee;ﬂ.

between the second lens Llb. and the thlrd lens Llc 1s{”
p051tloned and held between the second lens le and the.
thlrd lens Llc 1 An outer perlpheral surface of the
,p051tlon1ng rlng 36 lS fltted on -an lnner perlpheral surface~
"of the lens: supportlng'.barrel 34 L1kew15e a rearff_
posrtlonlng rlng 37 for determlnlng a dzstance between the
thlrd lens Llc and the fourth lens le 1s p051tloned andr
held between the thlrd lens Llc and the fourth lens le
.outer perlpheral surface of the p051tlon1ng rlng 37 ls:

fltted on an lnner perlpheral surface of the lens supportlng’

barrel 34 The rear surface of the fourth lens Lid and the

) front surface of the flfth lens Lle are cemented to. each

other, so that the fourth and fifth lenses Lid, Lle aref
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formed' as a‘-cemented or comp051te lens. A front'

:c1rcumferent1al edge Llf of the second lens le along'.-th.e"'.uj‘j

‘c1rcumferent1al edge thereof contacts the rear surface of o
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the flrst lens Lla A rear c1rcumferent1al edge ng of the::fiiﬂ;f

flfth 1ens Lle along the c1rcumferent1al edge thereof

contacts an lnwardly pro;ectlng flange 34b formed lntegral
'w1th the rear end of the lensrsupportlng:barrel 34.

A»female thread 34a ls formed On‘an innerﬁberlpheronf\

: a front’part of thé'lenS’supporting barrel 34, as;shOWn in"

7Figure-30 or‘3l. A lens fixing rlng 72, for leing the

flrst lens Lla to the lens supportlng barrel 34, engages.

w1th the lens supportlng barrel 34 Wlth thls arrangement,i“;fp_;L_,

male thread 72a formed on the outer perlpheral surface of;
the lens f1x1ng rlng 72 meshes w1th the female thread 34a

A c1rcular abuttlng surface 72b 1s formed on. the lens flxlng_
._,rlng 72 on an 1nner' perlpheral surface thereof '*‘lhel :

' c1rcular abuttlng surface 72b comes 1nto contact w1th a. .

lens Lla 1n a state when the lens flxlng r1ng 72 is properly"
screw-engaged w1th “the lens supportlng barrel 34 . fhe'

_c1rcular abuttlng surface 72b is formed to be substantlally~

parallel to the c1rcumferent1al portlonAfp so that the

e c1rcular abuttlng aurface 72b and the c1rcumferent1al
portionlfp may be-:rbught tightly into contact with each,‘

other when the lens fixing rlng‘72 is properly screw-engagedi

;c1rcumferent1al portlon fp of the front surface of the flrstQ,fCLLJ o
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_w1th the lens supportlng barrel 34

A supportlng rlng portlon 34c is, formed 1ntegral w1th

"the lens supportlng barrel 34 ' The supportlng rlng portlon _

?radlal dlrectlon of the 1ens supportlng barrel 34 The 1nner.

'perlpheral surface of the supportlng rlng portlon 34c, wh1ch7 ’
extends 1n the opt1cal-ax1s dlrectlon,'comes into contact
with an outer c1rcumferent1al edge or . surface op of the“
flrst lens - Lla 17 An~annular‘p051t1on1ng surface-34df;
’iextendlng substantlally normal to the optlcal ax1s O is‘
'formed on. the lens supportlng barrel 34 lmmedlately behlndv

:the supportlng rlng portlon 34c The clrcumferentlal edgev.

of the rear surface of the flrst lens Lla comes lnto contact

".w1th the pos;tlonlng surface 34d 'Wlth thls structure, the;_l

’ ,abuttlng surface 72b and the p051tlon1ng surface 34d zn theh'
_;optlcal ax1s dlrectlon,;and the flrst lens Lla 1s 1mmovably :
held by the supportlng' rlng"portlon 34c¢ 1n a radlal'
‘ dlrectlon normal to the . optlcal ‘axis O.
_As shown‘ln Flgure 32 a coatlng 72e 1s coated on the
c1rculaz' abuttlng surface 72b S The coatlng 72e is a.‘
'waterproof coatlng made of a synthetlc re51n . In;thevg

present embod:,ment, i "Fantas Coa.t ,SF-G , (»t'rad'emark"-" o'f a .

coatlng produced by the Japanese Company.'Orlgln Denkl

Kabushlkl Kalsha )“ ls used as the coatlng 72e , The front
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f‘34c lS locat d 1nwardly from the female thread 34a 1n'afhhs

'flrst 1ens Lla 1s 1mmovably heldgbetween the clrcularff.



Wl'screw engaglng the lens f1x1ng rlng 72 w1th the female:*fv

2‘5". ,

'surface of the flrst lens Lla 1s formed very smooth whereas

_the c1rcular abuttlng surface 72b of the lens f1x1ng rlng 72

is not formed as smoothly (1 e. ; has a rough flnlsh) as the

_front surface of the fzrst lens Lla Thls 1s because the'

the lens flxlng r1ng 72 s;nce the flrst lens Lla is a’f

prec1510n opt1ca1 element. Due to’ thls fact, were 1t not

for the coatlng 72e on the c1rcu1ar abuttlng surface 72b a

substantlal gap would. be formed between the c1rcular

.abuttlng-surface 72b and the clrcumferentlal portion-fp even,

if the c1rcular abuttlng surface 72b properly and tlghtly 1n:

jthread 34a As a result water or m01sture would be able to
penetrate 1nto the lens supportlng barrel 34 through the.

substantlal gap However, ln the present embodlment, the .

-.czrcular abuttlng surface 72b and the c1rcumferent1al"
‘:portlon fp when the c1rcu1ar abuttlng surface 72b properly,
contacts the circumferentlal portlon fp . Accordlngly, the

*coatlng 72e,vpo51tloned and held between the c1rcular

abuttlng surface 72b and the c1rcumferent1al portlon fp.,

'effectlvely prevents-water or molsture from penetratrng the-;

) .,.-____,,..:_r__.;.v...}..__.z__: '.__'— - _ S

contact w1th the c1rcumferent1al portlon.fp;by properly; »

'coatlng 72e is applled to the c1rcu1ar abuttlng surface 72b.
80 as to make the surface thereof a- smooth surface whlchif;'”’

' does not cause to form such a substantlal gap between the]? N
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"lens supportlng barrel 34 between the c1rcu1ar abuttlng

surface 72b and the c1rcumferent1al portlon fp under the
condltlon that ‘the c1rcular abuttlng surface 72b is properly

and tlghtly ln contact w1th the clrcumferentla;fportlon fp

A by properly screw-engaglng the lens flxlng rlng 72 w1th the ,

V, female thread 34a.4'

A c1rcular surface 72c is formed on the ‘lens f1x1ng

ot

- ring. 72. The c1rcular surface 72c is connected to thef
'_c1rcular abuttlng surface 72b and 1s located lmmedlately'
zloutward in a ‘radial dlrectlon from the c1rcular abuttlng'

.surface 72b. A front part of the outer c1rcumferent1al:

Surface op of the flrst lens Lla (1 e., a c1rcumferent1al o

edge of the flrst lens Lla) comes 1nto contact w1th thefv;

c1rcular surface 72c when the lens flxlng

"surface 72c contactlng the outer c1rcumferent1al surface op,-"

s

the watertlght structure between the c1rcular abuttlng'
"surface 72b and the c1rcumferent1a1 portlon fp,lthat 1st:

reallzed ‘by - the coatlng 72e, is enhanced That 1s, a hlghly‘

1ng;72 properly~
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: engages w1th the female thread 34a L Due to the crrcular:”'z

effiC1ent watertlght connectlon between the f1rst lens ‘Lla -

and the lens fixzng rlng 72 is reallzed by prov1ding both. -
' the coating 72e and the c1rcular surface 72c w1th the lens

'f1x1ng rlng 72

An annular recessed portlon 34e is formed -on the lens

supportlng barrel 34 between the female thread 34a and the
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"engaged w1th the female thread 34a
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supportlng rlng portlon 34c : As shown 1n Flgure 20 1n a

state where the lens flxlng rlng 72 is properly screw?;

_portlon 34e w1th the rear end 72d not contactlng the - bottom.
.(1.e., rearmost end)vofrthe recessed portlon 34e, namely, an
-annular space is ‘formed in the annular recessed portion 34e‘_

: between the rear end 72d ‘and the bottom of the recessedh

portlon 34e.

‘ The flxed lens barrel block 12 lS f1xed in front of an;r:h

) _plate 14 lS prov:ded on a center thereof wuth a rectangular-h

”shaped aperture l4a whlch forms the llmlts of each frame'<

a rear'end 72d of'the-h'

exposed The flxed lens barrel block 12 1s prov1ded on<an‘

,inner perlphery of the cyllndrlcal portlon 12p,_w1th 2

female he11c01d 12a,'and also a plurallty of llnear gulde

grooves 12b each extendlng parallel to the optlcal axis 0O;

‘i.e.;_extendlng in the optlcal ax1s dlrectlon h At-the;x
. bottom of one of the 11near gulde grooves 12b namely 12b'
a code plate 13a, hav1ng a predetermlned code pattern, 1sh
.fixed ' The code plate 13a extends 1n the optlcal axlsi
L :dlrectlon and extends along substantlally the whole of thed

length of the flxed lens barrel block 12. The code plate

13a 1s part of a flexlble ‘prlnted c1rcu1t board 13

posrtloned outs;de the flxed lens barrel block 12.

‘aperture plate 14 flxed to the camera body The aperture-'f
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' lens flxlng rlng 72 1s posrtloned in the annular reces edhfh"'
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In the flxed lens barrel block 12 -a gear hou51ng 12c,

whlch 1s recessed outwardly from an 1nner perlphery of the '

cyllndrlcal portlon 12p of the flxed lens barrel block 12 in

EAY

_a radlal d1rectlon whlle extendlng 1n the optlcal ax1s

.f'dlrectlon,'ls prov1ded as shown 1n Flgure 1 3; 16.or 21

In the gear housrng 12c,‘a dr1v1ng pinion® 15 extendlng in

the optlcal ax1s dlrectlon, is rotatably held. .Both ends of

an axlal shaft 7 of the drlvzng plnlon 15 -are rotatzvelyv'

supported by a supportlng hollow 4, prov1ded in the flxedhf

on a gear supportlng plate 31 flxed on the flxed 1ens barrel'
;'block 12 by set screws (not shown), respectlvely Part of

- the teeth of the dr1v1ng plnlon 15 pro:ect lnwardly from the"

}_"1ens barrel block 12 so that the dr1v1ng plnlon 15 meshes.],“
:;w1th an outer perlpheral gear 16b of the thlrd mov1ng barrel;:.
.216, as shown in Flgure 16 | . o

The flxed lens barrel block 12 is provrded on one s1de"-

'ﬁ:ithereof (the left sxde as v1ewed in Flgure 1) w1th‘a
' supporting member 32 formed 1ntegral therew1th' The whole-'
‘ optlcal unit dr1v1ng motor 25 is secured to the rear of thef

supportlng member 32 A gear traln 26 cons;stlng of a.

plurallty of gears, is accommodated~to-be supported ln the,

“supportlng member 32 on the front thereof The flxed lens

barrel block 12 is further prov1ded on the other 51de
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;lens barrel block 12 and a supportlng hollow 31a, provxded .
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thereof (opp051te to the 51de hav1ng the supportlng member

32) w1th a statlonary plate 12m formed 1ntegral therew1th

A plurallty of projectlons 12n are 1ntegrally formed on the

front of the statlonary plate 12m,‘project1ng towards thek"

':object s1de in the optlcal axls dlrectlon. The flxed lensfffﬁ‘l
Abarrel block 12 is further prov1ded between the statlonary e
plate 12m and the cyllndrlcal portion 12p, with a cutout
.portion le‘eXtendingJin the optical axis-direction}‘ The‘
cutout portfon 12k.ls formed“by:cutting:out a part of'the
,lcyllndrlcal portlon 12p One end of -a flex1ble prlnted

’ c1rcu1t board 6 1s flxed and supported on the front of theh
.statlonary plate 12m by the project:.ons 12n, w1th an:.
'l_lntermedlate part of the flexlble prlnted c1rcu1t board 6-
belng lald along the cutout portlon 12k _ The other end ofv"

dthe flex;ble prlnted c1rcu1t board 6 1s secured to the AF/AE-“

shutter unit 21 as shown in Flgure 11

On an inner perlphery of the thlrd mov;ng barrel 16 a_

plurallty of lrnear.gulde grooves ch, each'extendlng

'parallel to the optical axis O, are formed vht an outer
: perlphery of the rear end of the thlrd movxng barrel 16 a
male hellc01d 16a and the aforementloned outer perlpheral,

gear 16b are prov1ded as’ shown 1n Flgure 14 The maleu'

hellCOld 16a engages w1th ‘the female hellc01d 12a of the

'flxed lens barrel block 12 The outer perlpheral gear~16b

engages w1th.the drlv;ng,plnlonfls, The driving pinion~15.'
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' has an’ ax;al length suffzcxent to be capable of engaglngv,
w1th the outer perlpheral gear 16b throughout the entlre

‘range of movement of the thlrd mov1ng barrel 16 in the

opt1ca1 ax1s dlrectlon

As shown 1n Flgure 15 the llnear gulde barrel 17 15’»
prov1ded on a rear part of an’ outer perlphery thereof w1th‘

a rear end flange 17d . The tear end flange 17d has ai

plurallty of engaglng pro:ectlons 17¢ each progectlng away

from the optlcal axls O 1n a radlal dlrectlon .Thetllnear-v.

gulde barrel 17 is further prov;ded 1n front of~the.rear

: end flange l7d w1th a retalnlng flange l7e. '_A“f

i

flange 17d and the retalnlng flange 17e. The retalnlng

flange 17e has a radlus smaller than the rear end flange

l7d; The retalnlng flange 17e 1s prov1ded w1th a plurallty‘

, of cutout portlons 17f Each of the cutout portlons 17fu
,allows a. correspondlng engaglng pro;ectlon 16d to be-l'

' 1nserted 1nto the c1rcumferent1al groove 17g, as shown in

Flgure 20.

The third moving barrel 16 is provided, on an innerl
perlphery of the rear end thereof w1th a plurallty of
engaglng pro:ectlons 16d Each of the engagzng pro;ectlonsf
16d progects towards the optlcal axzs 0 in ‘a- radlalr

dlrectlon By lnsertlng the engaglng pro:ectlons 16d lnto

the c1rcumferential groove 17g, through the correspondlng
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c;rcumferentlal groove 17g 1s formed between the rear endf..g;;a"
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. mov1ng barrel 16 relatlve to the llnear gulde barrel 17

u ¥barrel 17

a grooves 12b formed parallel to the optlcal ax1s O'q;

15

32

cutOut portions'l7f the engaging'proiections 16d are

pos1t10ned in the c1rcumferent1al groove 17g between the;,

"engaglng pro;ectlons 16d are engaged w1th the llnear guldef

on the'rear endfof‘the1linear:guide“barrel 17, an‘

aperture plate 23 havxng a rectangular shaped aperture 23a~

approx1mately the same shape as the aperture l4a, is flxed

The relatlve.rotatxon of the linear gu1de-barrel_l7,

‘with respect to"the fixed lens. barrel block 12, is

A contactlng terminal 9 1s flxed to one of the engaglngv'

' progectlons 17c, namely 17c ‘o The contactlng termlnal 9 1s'
hln slldable contact wlth the code plate 13a, leEd to the
'bottom of the llnear gulde groove 12b'~ to generate szgnalsf

_correspondlng to focal length 1nformatlon durlng zoomlng o

On the 1nner perlphery of the llnear gulde barrel 17 a
plurallty of llnear gulde grooves 17a are formed eachp

vextendlng parallel to the opt1cal ax1s O.. A plurallty of

lead slots 17b are also formed on the llnear gulde barrel 17
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flanges 17d and l7e (see Flgure 20) By rotatlng the thlrdj1 ;;

;restrlcted by the slldable engagement of the plural“ty'ofi-;mg

;engaglng progectlons 17c w1th the cor:espondlng llnear:guldezg3"'

aslshown in Flgure»15 or 21 " The lead slots 17b are’ each[A }

‘formed obllque (lncllned) to the optical axis O
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The second mov1ng barrel 19 engages w1th the 1nner
_perlphery of the llnear gulde barrel 17 _ On'the»lnner“
}perlphery of the second mov1ng barrel 19 a plurallty of”‘

"-r'lead grooves 19c are prov:.ded in a dlrection 1nc11ned-
E opp051tely to the lead slots 17b On the outer perlphery of
_the ‘rear end of the second mov1ng barrel 19 a plurallty of'
“fOlldwer‘projections 19a are provided Each of the follower.
prOJectlons 19a has a trapeZOLdal cross- sectlonal shape'
pro;ectlng away‘from the optlcal axls () 1n a radlal;
dlrectlon.; Follower plns 18 are pOSLtloned 1n the follower ‘
V fprojections 19a. - Each follower pln 18 con51sts of a rzng-

~member 18a, and a center flxlng screw 18b whlch supports the .
'rlng member 18a on the correspondlng follower progectlon
b_‘19af; The follower projectlons 19a are 1n slldable '
'h' engagement Wlth the leadlng slots l7b of the llnear guldeA’,
;barrel 17 and the follower plns 18 are 1n slldable_’

-Aengagement w1th the llnear gulde grooves 16c of the thlrd'

mov1ng barrel 16 W1th such an arrangement when the thlrd

‘.mov1ng barrel 16 rotates,-the second mov1ng barrel 19 moves

linearly in'the optical axis direCtion, while rotating

On the 1nner perlphery of the second mov1ng barrel 19

'.the flrst movzng barrel 20 1s engaged The flrst mov1ng'

ibarrel 20 1s prov1ded on an outer perlphery of the ‘rear

thereof w1th a plurallty of follower plns 24 each engaglng

' ’w1th the correspondlng 1nner lead groove 19c, and at the‘
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34
same trme the flrst mov1ng barrel 20 lS gulded llnearly by a
llnear gulde member 22 ‘ The flrst mov1ng barrel 20 is

A‘ prov1ded at the front end thereof w1th a decorative plate 41

-gsecured thereto

As shown 1n Flgures 9 and 10 the llnear gulde membe ;;#,-,

22 is- prov1ded wrth an annular member 2“”;'a palr of.gulde},f
legs 22b and a plurallty of engaglng prOJectlons 28. The
'parr of gulde legs 22b pro;ect ‘from the annular member 22a _

~in the optlcal axis dlrectlon ‘The.. plurallty of engagzng o

pro;ectlons 28 each pro;ect from the annular member 22a away

from the optlcal ax1s O ln a radlal dlrectlon. The engagzng

'17aj' The gulde legs 22b are respectlvely 1nserted lntoiiirf
llnear guldes 40c between the 1nner perlpheral surface of:
the frrst movrng barrel 20 and the AF/AE shutter unit 21.

The annular member 22a of the llnear gurde member 22 1s
‘connected to the rear of the second movzng barrel 19 such'
that the llnear gulde member 22 and the second mov1ng barrel;ff
19 are capable of mov1ng along the optlcal axls O as a
whole, and 1n addltlon are capable of relatlvely rotatlng
around the optlcal ax1s 0 The llnear gulde member 22 1s'd

'further prov1ded on the outer perlphery of the rear ‘end
_thereof w1th a rear end flange 22d : The llnear gulde memberz

22 1s further prov1ded in front of the rear "end flange 22d

wrth.a retalnlng flange 22c. A c1rcumferent1al groove 22f
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:flange 22c The retalnlng flange 22c has a radlus smaller
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is formed between the rear end flange 22d and the retalnlng'£7m'

'than the rear end flange 22d The retalnlng flange 22c 1s o '

”prov1ded w1th a plurallty of cutout portlons 22e, as shownf¥pQ

in Flgure S or 10 each allowxng a correspondlng engaglng
"'pro;ectlon 19h) to be 1nserted 1nto the c1rcumferent1al

' groove 22f as shown in Flgure 20

The second mov1ng barrel 19 is prov1ded on an 1nner

-perlphery of the rear end thereof w1th a plurallty of-
’engagzng tmogectlons 19b each pro:ectlng towards the.-:

optlcal ax;s 0. in a radlal dlrectlon. By 1nsert1ng the_

L»engaglng pro:ectlons 19b 1nto the c1rcumferent1al groove 22f';fQ;

‘through the correspondlng cutout portlons 22e, the engaglng‘:‘

‘fprOJectlons 19b are pos;tloned ln the c1rcumferent1:'dgroove

;322f between the flanges 22cx5.u

mov1ng barrel 19 relatlve to the llnear gulde member 22 the

*engaglng progectlons 19b are engaged w1th the 11near guldea
”member 22 Wlth the above structure when the second movxng~
barrel 19 rotates in’ the forward or reverse rotational\
dlrectlon, the flrst mov1ng barrel 20: moves llnearly,_
_:forwardly or rearwardly along the optlcal ax1s O, but-ls
:-restrlcted from rotatlng A
At the front of the first mov1ng barrel 20, a:barrier.
1apparatus 35 hav1ng barrler blades 48a and 48b is mounted

On an inner perlpheral face of the flrst mov1ng barrel 20
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,;shutter unlt 21 is secured to the

36

the AF/AE shutter unlt 21 hav1ng the shutter 27 con51st1ng'
of three shutter blades 27a, is engaged and flxed as shown:

" in Flgure 18 The AF/AE shutter unlt 21 1s prov1ded w1th a

~1ntervals on the outer perlphery of the shutter mountlngi'

. ﬂstage 40, Only one of the flxlng holes 40a appears 1n each

of Figures 9 through 13

The aforementloned plurallty of follower pins 24 wh;ch

engage w1th the 1nner lead grooves 19¢, also~serve as a--"

dev1ce for flxlng the AF/AE shutter unlt 21 to the flrst

movxng barrel 20 The follower plns 24 are 1nserted 1nx
holes:20a;,formed on the flISt mov1ng barrel 20 and flxedg

i in. the f1x1ng holes 40a i Wlth thlS arrangement the AF/AE

rst mov1ng barrel 20 asi

‘plural:.ty of f1x1ng holes 40a formed at’ even angular'-,"

shown 1n Flgure 11 In Flgure 11 the flrst mov1ng barrel-ZO'f;

.1s lndlcated by phantom llnes ‘ The follower plns 24 may be:

Aflxed by an adhe51ve, or the plns 24 may be formed as screws.'

to be screwed 1nto the flxlng holes 40a.

As 1llustrated in Flgures 13 ‘and 21 the AF/AE shutter
- unit 21 is: prov1ded w1th the shutter mountlng stage 40 a
‘shutter blade supportlng rlng 46 flxed on the rear of the.
4shutter mountlng stage 40 so as to be located 1n51de the:

_shutter mountlng stage 40 and the lens supportlng barrel 50

supported 1n a state of belng capable of movement relatlve

to the shutter mountlng stage 40 On,the'shutter‘mounting
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'T,pIOJect rearward from the annular member 40f

37.

; fstage 40: the lens supportlng barrel 34 the AE motor 29;
hand the rear . lens group dr1v1ng motor 30 are supportedy.
'The shutter mountlng stage 40 1s prov1ded w1th an annular'

Afmember 40f hav1ng a c1rcular aperture 40d The shutter‘-

.mountlng stage 40 1s also prov1ded w1th three legs 40b whlch

are deflned between the three legs 40b Two of the SlltS‘ :

comprlse the aforementloned llnear guldes 40c, whlch

slldably engage w1th ‘the respectlve palr of gulde legs 22b )
of the llnear gulde member 22 so as to guide the movement of’

" the llnear gulde member 22.

fThree slitsn
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The shutter mountlng stage 40 supports an AE gear traln, .

45 Wthh transmlts a rotatlon of the AE motor 29 to the ‘_f

shutter 27 a. lens dr1v1ng gear traln 42 whlch transmlts ?
' rotatlon of the rear 1ens group drlvrng motor 30 to a screw:g'
.'shaft 43 photo:.nterrupters 56 and 57 connected t‘o a
".flexlble prlnted c1rcu1t board 6, and rotatlng dlSkS 58 and
. 59,-hav1ng a.plurallty of radlally formed s11ts provided in
'the c;rcumferentlal dlrectlon.~ An encoder for detect1ng~
hwhether the rear lens group dr1v1ng motor 30 1s rotatlng and“

- . for detectlng an amount of rotatlon of the rear lens group o

dr1v1ng motor 30 consists of the phot01nterrupter 57 and the

the AE ‘motor 29 is rotatlng and for detecting an amount of

’;rotatlon’of the AE motor>29Lconsists of the photointerrupter'

rotatlng dlSk 59 An AE motor encoder for detectlng whether:ﬂ :
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56 and the rotatlng dlsk 58

The shutter 27 a supportlng member 47 whlch plvotally,
:M.supports the three shutter blades 27a of the shutter 27 andfiiw
a c1rcular dr1v1ng member 49 whlch glves rotatlve power tof
ithe shutter blades 27a, are posltloned between the shutter

mountlng stage 40 and the shutter blade supportlng rlng 46 B

secured to. the shutter mountlng stage 40 ,The:c1rcular

driving member “49 is prov1ded w1th three operatlng

' prOJectlons r@Sa zat .even’ _angular 1ntervals,' whlch'
'respectlvely engage w1th each of the three shutter blades;
27a .»As shown 1n~Flgure 13, the shutter blade supportlng f

rlng 46 is prov1ded at a front end thereof w1th a_c1rcular 3 .
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aperture 46a and w1th three supportlng holes 46b p051t,onedfﬁhﬁuv

at even angular 1ntervals around the c1rcular aperture 46a o

Two deflectlon restrlctlng surfaces 46c”are formed on thed

outer perlphery of the shutter blade supportlng rlng 46

Each deflectlon restrlctlng surface 46c 1s exposed outwardly .
. from the correspondlng 11near gulde 40c and slldably’
supports the 1nner perlpheral face of the correspondlng'

~gu1de leg 22b

The supportlng member 47 positionedTin,front of the

»shutter blade supportlng rlng 46, 'is provided with a

c1rcular aperture 47a, allgned with the c1rcular aperture

46a of the shutter blade supportlng rlng 46 and w1th three,

:pivotal shafts 47b (only one‘of,whmchv1sulllustrated.1n
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o Flgure 13) at respectlve p051tlons opp051te the threeh'h

supportlng holes 46b Each shutter blade 27a is prov1ded at

one end thereof w1th a hole 27b 1nto whlch'the correspondlng

.plvotal shaft 47b 1s lnserted so that each shutter blade.

f27a is rotatable about the correspondlng plvotal shaft 47b_ :

lnormal to the optlcal ax1s 0 from the plvoted end islformed_»
as a light -1ntercept1ve portlon. . All three light'
1ntercept1ve portlons of the shutter blades 27a together _
_prevent amblent llght whlch enters the front lens group Ll
from enterlng the clrcular apertures ‘46a and 47a when the“

'shutter ‘blades 27a are closed KEach.shutter bladeﬁ27a ;sﬂ:'”

further prov1ded betwean the hole 27b and,thefllght_

fthe correspondlngtoperatlng pronectlon,49a 1s lnserted Thel .
lsupportlng member 47 igt flxed to the shutter blade
;supportlng rlng 46 1n such a manner that each shaft 47b
:whlch supports the correspondlng shutter blade 27a, is

engaged w1th the correspondlng supportlng hole 46b of thef.

shutter blade supportlng rlng 46. ‘

A gear portlon 49b is formed on a. part of the outerp,;,

portlon 49b meshes w1th one of the plurallty of gears 1n the
_gear traln 45 to recelve the rotation from the gear train

: '45. ‘The support;ng-member 47 ls'prov1ded, at respectlve
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:tThe major part of each shutter blade 27a, that'extendss“vz'

1ntercept1ve portlon thereof w1th . slot 27c, through whlchyjblplv-

'-_perlphery of the c1rcular dr1v1ng member 49 The gear_.:_
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posrtlons close to the three plvotal shafts 47b w1th threeiﬁ
arc grooves 47c each arched along ‘a c1rcumferent1al g
"dlrectlon The three operatlng projectlons 49a of the:'
. c1rcular derlng rlng 49 engage w1th the slots 27c of the .
.ﬁrespectlve shutter blades 27a through the respectlveihafgj;,,"

grooves 47c _' The shutter blade supportlng rlng 46 1s>'

inserted from the rear of the shutter mountlng stage 40 to

support the c1rcular dr1v1ng rrng 49 the supportlng member‘

47 and the shutter 27 and 1s flxed on the shutter mountlngh:%“
‘stage 40 by set screws 90 respectlvely lnserted throughAf
‘holes. 46x prov1ded on the shutter blade supportlng rlng 46

Behlnd the shutter blade supportlng rlng 46 the*lensL

supportlng barrel 50, supported to be able to ‘move relatlve

to the shutter mountlng stage 40 v1a gulde shafts 51 and 52

is p051tloned The shutter mountlng stagef40‘and the lens;}:.ﬁu

'supportlng barrel 50 are blased 1n opp051te dlrectlons away A

from each other by a corl sprlng 3 fltted on the gulde shaft'

'51 and therefore play between the shutter mountlng stage 40

and the lens supportlng barrel 50 1s reduced : In addltlon,

a dr1v1ng gear 42a, prov1ded as one of the gears 1n the gear

train 42 ,1s provrded W1th a. female thread hole (not shown)
at the ax1al center thereof and is restrlcted to move 1n the_
oaxlal dlrectlon The screw shaft 43 onelend of.whlch is
'Lflxed to the lens supportlng barrel 50, engages.with the-

femalenthread hole. Accordxngly, the dr;ving gear 42a andA
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rthe screw - shaft 43 together constltute a feed screw

mechanlsm ' In such a manner, when the dr1v1ng'gear 42a

~rotates forwardly or reversely due to dr1v1ng ‘by the rear
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lens group dr1v1ng motor 30 fthe screw shaft 43 reSpectlvely“ ,Q_

4‘gear 42a, and therefore the lens supportlng barrel SO whlch.':

: supports the rear lens group L2 moves relatlve to the front'

lens group Ll

A holding member 53 is fixed at the front of the

shutter mounting stage 40. The holdlng member 53 holds the

motors 29 and 30 . between the holdlng member 53 and the-)z

screws 99, The motors 29 30 and the phot01nterrupters 56,

: 57 are connected to the flex1ble prlnted c1rcu1t board 6

“

‘One end of the flexlble prlnted c1rcu1t board 6. 1s flxed to-

the shutter mountlng stage 40

_se“wlth respect to the dr1v1ng

:shutter mountlng stage 40Lw The holdlng member 53”has4ajﬁf:

.f.metal holdlng plate 55 flxed at the front thereofiby setfifvi3-

After the flrst, second and thlrd mov1ng barrels 20 19v";f

\dand 16 .and the AF/AE shutter unlt 21 and the llke are
; assembled the aperture plate 23 is flxed to the rear of the B
_llnear gulde barrel 17 and an. annular retalnlng member 33'
is fixed at the front of the fixed lens barrel block 2.
Durlng an assembly of the ‘zoom lens camera of the»
'-present embodiment, a zoom lens barrel unlt 100 .whlch,

'conslsts of the flrst, second- and third moving barrels<16,
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vl§»”‘a'n.cl 20, the AF/AE shutter unit 21, the front and rear
lens i groups LI, Lé 'été.f is assembledAlin'aaVance->.as a:
'separate unit fromA the fixed lens barrel block 12

-Thereafter,.the .zoom lens barrel unlt 100 1s 1nstalled 1n a’

hous;ng of the flxed lens barrel block 12 _1 .e. lngthe i

'cyllndrlcal portlon 12p,.as shown 1n Frgure-l or 3.
Wlth the zoom lens camera of the present embodlment.a .
”dlfferent 1nsta111ng method 1s used than 1n the case of a‘
'_>conventlonal zoom lens camera whlch is. less troublesome and
:reduces the tlme necessary for 1nsta111ng the zoom lens
~barrel un:.t in the hous:.ng ‘j’.In order to ut:.llze the

1{1mproved 1nsta111ng method 1n the zoom lens barrel 10 a new.

"type of llnear gulde mechanlsm has been reallzed whlch ls

unlque to the zoom lens camera of . the present embodlment

'for guldlng the llnear gulde barrel 17 along the optlcal

'.axls O w1thout havzng the 11near gulde barrel 17 rotate

Wlth the llnear guzde :mechanlsm of the present

embodlment no dedlcated space 1s necessary

only for the purpose of lnstalllng or detachlng the zoom

lens barrel unlt 100 in or from the cyllndrlcal portlon 12p

-Thus, the s1ze of the zoom lens barrel unlt 100 can be- o
,'reduced thereby contrxbutlng to the reallzatlon of a compact

’zoom lens camera Such a llnear gulde mechanlsm w1ll be

dlscussed w1th reference to Flgures l through 8.

The basic process of such an installing method in4the o
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_zoom lens camera of the present embodlment w1ll now be

dlscussed Flrstly, as shown ln Flgure 1, the zoom lens

barrel unlt 100 1s prepared 1n 1ts most extended state

'uSecondly whlle malntalnlng such a state the rear end of the

-Adzoom lens barrel unlt 100 1s brought lnto engagement w1th

'ﬂﬂtﬁé front end of the cyllndrlcal portlon 12p in a.

predetermaned p051tlonal relatlonshlp, as shown in Flgure 2

Thereafter, the whole .optical ‘unit dr1v1ng motor 25 is

drlven to rotate the drlve plnlon 15 (see, for example,

f‘Flgure 21) in a predetermlned rotatlonal dlrectlon, so that

" the male he11c01d .1éa of the thlrd mov1ng barrel 16 engages

Slnce the thlrd“mov1ng barrel'ls and the cyllndr

portlon 12p are engaged w1th each other through the male and_

female he11c01ds 16a,_l2a,_ ES e.t_through a. threaded

: engagement when the thlrd mov1ng barrel 16 is brought into .
engagement w1th the cyllndrlcal portlon 12p, 1t is necessary}_v

hhfor the thlrd movrng barrel 16fto be rotated fromta'

predetermlned lnltlal posrtlona of engagement to -an:

engagement completlon p051tlon (1 e., the front extrem;ty of

fthe actual movable range of the thlrd mov1ng barrel 16 for
.zoomlng relatlve to the cyllndrlcal portlon 12p), about the
opt1ca1 axis O relatlve to the cyllndrlcal portlon 12p by a:
.predetermlned rotatlonal amount.A Namely, s1nce the male

Hhe11c01d 16a . and the outer perlpheral gear 16b are formed on.
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,‘i16 ls brought 1nto engagement w;th the fixed lens barrel'

- "~,j.'>block 12

44
the thlrd mov1ng barrel ‘16h along a common .outer"

clrcumferentlal surface at the rear end of the thlrd mov1ng'

._barrel 16 as shown in Flgure 14 the male and female

.hellCOldS 16a and 12a can only engage w1th each other after.g”"

the' thlrd mov;ng barrel 16 has been located at ‘a

"predetermlned rotatlonal p051tlon relatlve to the femalegr

he11c01d 12a Furthermore, the plurallty of engaglng>

prbjectionsv 17c, which respectlvely engage w1th the

plurallty of llnear'gulde grooves 12b need to be atf:

respectlve predetermlned rotatlonal pos

to the thlrd mov1ng barrel 16 when the thxrd moving barreli,

flrstly engaged w1th the cyllndrlcal portlon 12p and,

‘subsequently moved to the aforementloned engagementfg

completlon p051tlon whlle malntalnlng the aforementloned’

predetermlned rotatlonal posztlons of the plurallty of'

engaglng pro:ectlons 17c w1th respect to. the thlrd mov1ngg;V

barrel 16
Due " to such a structure, 1n order to set the zoom 1ens :

barrel unlt 100 on the flxed lens barrel block 12 at the_

aforementloned engagement completlon p051tlon, whlle

malntalnlng the aforementloned predetermlned rotatlonal

, positlons of the plurallty of engaglng pro;ections 17c w1thﬁﬂ'

respect to the thlrd mov1ng barrel 16, 1t ;sinecessary to

..Page 76 of 106

Thus the thlrd mov1ng barrel 16 needs to be‘tﬁf
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prov1de a dev1ce for allow1ng the plurallty of engaglng

projectlons 17c to move to respectlve lnltlal p051t10ns at .

which- the plurallty of engaglng pro;ectlons 17c start

engaglng w1th the llnear gulde grooves 12b w1thout allow1ng

’the plurallty of engaglng pro:ectlons 17c to:contact;;‘

| anythlng, i. e., not belng 1nterfered by anyth1ng, untll thej'

. female he11c01ds 12a have_been brought to the aforementloned--

engagement.completion position. In the llnear gulde

:mechanlsm of the present embodlment _such a dev1ce 1s<
‘prov1ded on the flxed lens barrel block 12 rather than_onr

the zoom lens barrel unlt 100 ' Contrary to the present'v

'embodlment, 1f such a dev1ce is provzded on the zoom lens

.barrel unlt 100 the dev1ce needs to - be constructed so as to

allow the plurallty of engaglng projectlons l7c to furthergge

rotate about the opt1ca1 ax1s O relatlve to the th1rd m

barrel 16 beyond the actual rotatable range used 1n an{-

actual zoomlng operatlonv Namely, 1n such a dev1ce 1t 1s'
'necessary to prov1de a’ structure that allows the thrrd'
mov1ng barrel 16»and the 11near gulde barrel 17 to further .
rotate relatlve to each other to some extent beyond the_§
actual rotatable range used in. an actual zoomlng operatlont»af

~That 1s, the dev1ce requlres that the lead grooves 17b 19c_:

'barrel 16 and the 11near guide’ barrel 17 to further rotate

relatlve to each other, whlch renders the zoom lens barrel
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10 to be longer and larger

Note that in- Flgures 1 and 2. the drlve plnlon 15 whlch

_1s accommodated ln the gear hou51ng l2c, is not 1llustrated

':and the’ gear train 26 whlch 1s supported onr the supportlng_A

member 32 1s not 1llustrated

o The aforementloned dev1ce prov1_edAon”the _éa*iéﬁsf*"

barrel block 12 is" constructed as follows ' As shown in

'Elgure 1, 3 or 6 three recessed portlons 12g (only one of

whlch is shown in Flgure 1 3 or. 6), each recessed outwardly"

in a radlal dlrectlon,nare formed on the 1nner perlphery of

the cylindrlcal portlon 12p at the front end thereof such;_w*-v

12g lncludes a beveled surfac "r edge 12e._'The beveledgﬂf

‘ surface l2e 1s 1nc11ned 1n the optlcal axls dlrectlon and

extends parallel to the female he11c01d 12a. The beveled

surface 12e connectS'w1th one of the 51de surfaces or edges -

="A' of the correspondlng llnear gulde groove 12b. The other‘3

A 51de surface 'B' of the llnear gulde groove 12b extends 1n‘,_“

the optlcal ax1s dlrectlon.~ The front end of the 51dei‘

:surface "B" extends to the' front end of the cyllndrlcali

‘ portion 12o A front edge 12f of each recessed portlon 12g

is recessed by a small amount rearwardly from the front end'

"_of the cylindrical portlon'12p- A cutout portlon 124 is-

formed on the front end of the cyllndrlcal portlon 12p at
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’portlon 12p at least after the thlrd movrv
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each'position on:the:front edge:lZf ' A rectangular hole 12k

is formed in approx1mately the mlddle part of each recessed-

portlon l2g thereof

The annular retaining member 33 (see, for‘example,

been engaged w1th the cyllndrlcal portlon 12p w1th each of

the engaging pro:ectlons 17c engaglng wrth the correspondlng

llnear'gulde'groove 12b ~Name1y,.the annular retaining'

»member 33 is bought 1nto engagement with the front end of

the cyllndrlcal portion 12p after the zoom lens barrel unltl

,As- shown 1n Flgure 2 . S' or"7 three engaglng'

'prOJectlons 33a, whlch may respectlvely engage wrth the

recessed portzons 12g, are 1ntegrally formed on the annular -

‘through the engaglng pro:ectlons 33a.
In addltlon to the engaglng projectlons 33a;;the
"annular retalnlng member 33 is also prov1ded w1th an annular
t‘base 331. Each of the engaglng progectlons 33a extends_
‘rearwardly 1n the optlcal ax1s dlrectlon from the annular .
'base 331 so as to correspond to‘the respectlve recessed

portlons 12g The annular retalnlng member 33 lS further
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:Figure 2) lS secured to the front end of the cyl;ndr1cal~‘kad~“

‘retalning member 33 _ The annular retalnlng member 33 1sflg'f

.secured to the front end of the cylindr1ca1 portlon 12p f:f'
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prov1ded w1th a strlp shaped plate 33g Wthh 1s 1ntegrally

formed on the annular base 331 The plate 33g extends 1n?&”;A'
'the optlcal axis: dlrectlon at the locatlon correspondlng toﬁ_-
“the p051tlon of the aforementloned cutout portlon 12k When:v

the annular retalnlng member 33 properly engages‘w1th the
cyllndrlcal portlon 12p, the plate 33g lles along or covers
the cutout portlon 12k so as to prohlblt the annular”
'retalnlng member 33 from rotatlng about the optlcal ax;s o)
relatlve to the cyllndrlcal portlon 12p whlle restrlctlng'

fthe movement of the aforementloned 1ntermed1ate part of the

flexlble prlnted c1rcu1t board 6.

Each engaglng progectlon 33a is prov1ded w1th a beveledr
'_surface 33b ‘a llnear gulde surface 33c and a parallel

",,surface 33d~ When the annular retalnlng member 33 properly v

engages w1th the cyllndrlcal portlon 12p,:each beveled

'surface 33b tlghtly contacts the correspondlng beveledfff -

surface 12e Addltlonally, each llnear gulde surface 33c

and the s;de surfacel'A' of the correspondlng llnear gulde

groove l2b are: connected w1th each other ‘ Thus, the llnear

gulde surface 33c and the 51de surface 'A' together gulde a
" side edge EC' of the. correspondlng engaglng pro]ectlon 17c;.-4*
1n the optlcal axis. dlrectlon., When the annular retalnlngf

_member 33 properly engages w1th the cyllndrlcal portlon 12p,

the parallel surface 334 extends parallel to the other 51de

surface 'B' of the correspondlng llnear guide groove 12b.
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inf?the »correspondlng srde surface f 3"

fthe correspondlng-llnear gulde_groove 12b. are not located“ln

'h‘a common plane extendlng ln the optlcal'ax1s d'rectlon,

51de surface _ﬂ

49

Each engaglng progectlon 33a 1s further prov1ded w1th a

Astop surface 33f whlch extends perpendlcular to both the

correspondlng parallel surface 33d and llnear gulde surface

gulde surface 33c. When the annular retalnlng member 33
lproperly engages w1th the cyllndrlcal portlon 12p, each stop
- surface 33f deflnes the front end of the correspondlngA

linear gulde groove 12b as shown in Flgure 7

Speclflcally, in ‘the state where the annular retalnlng

member 33 properly engages w1th the cyllndrlcal portlon 12p,f

. each llnear gulde surface 33c and the 51de surface ‘Aicof;“

5each llnear gulde surface 33c 1s sllghtly recessed away ffom'

the.

correspondlng 51de surface "A"  in. a circunferentlalA

direction of-the cvlindrical portion 12p by'an amount Ta",
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‘33c to connect the parallel surface 33d w1th the llnearh*h

but:o

-;as'shown-in-Figure 7 or 8. In other words the 11near gu1de;;&jhjf.

surface 33c is sllghtly recessed away from an 1mag1naryﬁQ'

f 12b 1s located Therefore, the w1dth of each llnear gulde

groove 12b. is sllghtly w1der at the front end thereof where

the llnear gulde surface 33c is prov1ded than the w1dth of

the remalnlng part of the llnear gulde groove 12b he~

’surface 'A" that 1s located in a common plane 1n wh;ch the?“f-.
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reason why the lrnear gulde surface 33c is recessed in such

a manner w1ll be herelnafter dlscussed

Each engaglng projectlon l7c of the llnear gulde barrel .

the correspondrnglllnear gulde groove 12b whenatheﬁ7 :
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.Zoom . lens barrel 10 is drlven to advance For thls reason,””” o

" . the correspondlng ‘side surface 'B' than the srde surface - 'A"

if any of the llnear gulde surfaces 33c are formed closer to .

’of the correspondlng llnear gulde groove 12b- beyond the

correspondlng lmagrnary surface 'A" due to an error 1n a

moldlng process of the annular retalnlng member 33 or the

‘,surface 33c, cannot smoothly Shlft from the srde surface'"A'_i
. to the adjacent llnear gulde surfaces 33c, In order tof

'prevent the occurrence of such a problem, each llnear gulde.

'llke,

the engaglng pro;ectlon 17c,

‘surface 33c is formed 1n such a’ manner as noted above, i. e

, recessed by the amount a Owrng to such a structure, even 7

'1f any llnear gulde surface 33c should be formed sllghtlyf.

closer.to the correspondlng srde surface"B' due'to a

manufacturlng error, since each 11near guide surface 33c is

“already made - such as to be sllghtly recessed away from the

' the srde surface "A of the correspondlng llnear gulde_f

correspondlng 51de surface 'B' 'the aforementloned problem

dOes not 0ccur Although each llnear gulde surface 33c and

that engages with the“
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the annular retalnlng member*33'properly engages w1th the

51

A-ﬁfgroove 12b are not located in a common plane extendlng 1n.f”

uaforementloned problem does not- occur when the zoom' lens:‘
'barrel 10 1s drlven to retract back to the camera body..
‘»Thls is because each engaglng prOJectlon 17c of the- 11near_
guide barrel 17 moves rearwardly whlle pre551ng agalnst the_,
.51de surface "B of the correspondlng llnear gulde groove
‘12b when the zoom lens barrel 10 lS drlven to retract

An engaglng claw 33h is 1ntegrally formed on aniouterif
‘.surface of each engaglng progectlon 33a. The engaglng claws}:

'33h respectlvely snap 1nto the rectangular holes 12h when"

';cyllndrlcal portlon 12p An engaglng”pr03ectlon 33e,,wh1ch
:extends rearward from the annular base 331 1n the optlcal}
:ax1s dlrectlon, 1s formed on the annular retainlng member 33;
'hat 'a positlon‘ on an outer surface of each engaglng
’prOJectlon 33a., The engaglng pro;ectlons 33e respectlvely__
Ahengage w1th the cutout portlons 12d when the annulargr~

retalning member 33 properly engages w1th the cyllndrlcal_

portlon 12p

Accordlng to the 11near gulde mechanlsm hav1ng thef‘

structures as noted above,'the zoom lens barrel unlt 100 can=
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"the optlcal axis dlrectlon, ‘a’ problent s;mllar to the,""'

lbe 1nstalled in the cyllndrlcal portlon 12p 1n the follow1ng-g‘-{

manner., Flrstly, after the zoom lens barrel unit 100 has,;_‘-'

been assembled the zoom lens barrel unit 100 rendered in



H‘cyllndrlcallportlon 12p'w1t

"relatlonshlp,

- 52

'1ts most extended state 1s prepared Secondly,.whlle belng_,:
1n such a state, the rear end of the zoom lens barrel unlt'

_100 1s fltted in the front end of the 1nner perlphery of the.

predetermlned po

lens barrel unlt 100 relatlve“to the cyllndrlcal portlon 12p'

is predetermlned when the rear end of the zoom lens barrel

unit 100 engages w1th the front end of the 1nner perlphery

~of the cyllndrlcal portlon 12p._; Thereafter, the whole -

optlcal unlt dr1v1ng motor 25 ls actuated to rotate the

drlve pinion 15 by several degrees 1n a dlrectlon to retract'

. the. thlrd movang barrel 16 1nto the cyllndrlcal portlon 12p'n:“'v

The rotatlon of the whole optlcal unlt dr1v1ng motor 25 1s*An

transmltted to the thlrd mov1ng barrel 16 through the gear;’h,

'traln 26 the drlve plnlon 15 and the outer perlpheral gear””
16b thus maklng the male he11c01d 16a rotate relatlve to
‘the female he11c01d 12a to thereby retract the thlrd mov1ng

i‘barrel 16 to the front extremlty of the actual movable range ;].f

'of the thlrd moving barrel 16 for zoomlng.' Durlng thes

' retractlon movement of the thlrd mov1ng barrel 16 up to the'

front extremlty, the llnear gulde barrel 17 remalns locatedv

'uat a spec;flc rotatlonal p051tionﬂw1th‘respect to.the‘third,

moving barre1*16' since. the zoom lens barrel unlt 100 1s lnhf

.1ts most extended state,vand.because,durlng the-retraetlon

‘movement of the thlrd_moving:harrel lS,Aeach-engaging

:tlonalf""

“That 1s, the angular p051tlon of the zoom
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g‘prOJectlon l7c passes through the correspondlng recessed
.portlon 12g to engage w1th the correspondmng 11near guldei'
_grooves l2b as shown by phantom llnes 1n Flgure 6

After the thlrd mov1ng barrel 16 has been retracted to__

”hmov1ng barrel 16 for zooming 1n such a manner asvnoted
above,', if the‘ whole opt:.cal ‘unit dr:.v-:.ng mo-tor 25 is.
. actuated to further' rotate the drlve 4p1nlon 15 1n a”
:dlrectlon ‘to retract the thlrd mov1ng barrel 16 1nto the;dt
,cyllndrlcal portlon 12p, the male he11c01d416a rotates
'1 relatlve to the female he11c01d 12a to thereby retract thel

thlrd mov1ng barrel 16 lnto the cyllndrlcal portlon 12p._,A L

the Same tlme,hthe flrst and seco a mov1ng_barrels 20

“1retract lnto the second ‘”‘

"thé ~f1rst . second and thlrd mov1ng barrels llnj.a~7
}predetermlned relatlonshlp Consequently, the zoom lens’
'barrel unlt 100 moves. into 1ts most retracted state and is -
: accommodated 1n the cyllndrlcal portlon 12p.; s

: Accordlng to . the 11near gulde mechanism of the present\
embodlment for guldlng the llnear gulde barrel 17 along thei
'Optlcal axls 0 w1thout rotatlng the llnear gulde barrel 17,

the aforementloned dev1ce:(wh1ch allows the engaglng_e.

pr03ectlons l7c to move to respectlve 1n1t1al p051tlons at

' _'whxch the engaglng pro:ectlons 17c start engagzng w1th the’
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: the front extremlty of the actual mcvable range‘of the}thlrd.,A;F

ivrespectlvely, due to'the mechanlcal structure for der nglfff
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llnear gulde grooves 12b w1thout the engaglng pro:ectlonsh

A‘prov1ded ‘on the flxed lens barrel block 12 ‘not on the ‘zoom

lens barrel unlt 100 whlch advantageously does not render

the zoom ‘lens barrel lO to be longer and larger

,17C contactlng anythlng, untll the female h611COldS 12a have L

'_unlt 100 in’ or from the flxed lens barrel block 12 1sﬂfc

Furthermore,‘the recessed portlons 12g are used not only for"

-'1nstalllng or detachlng the zoom lens barrel unlt 100 in or-‘f’

from the flxed lens barrel block 12 but also for formlng |

‘retalnlng member 33 has been secured to the front end of the

‘eylindrical portlon 12p. Accordlngly, 1t can be understood'

on the front part of the cylindrlcal portlon 12p,_

»41ens barrel 10

Another feature of the 11near gulde mechanlsm of thef
present embodlment w1ll be hereinafter dlscussed malnly with

reference to Flgures 3 and 23 through 29

‘part of the llnear gulde grooves 12b after the annular o

that the recessed portlons 12g are space eff1c1ently formedln

",contrlbutes to the reallzatlon of a small and compact.zoomfis

Thls feature of the present embod;ment concerns ‘one off

| the plurallty of linear gulde grooves 12b namely the llnear

gulde groove 12b1, and one of the plurallty of engaglng,

pro;ectlons 17¢c whlch engages with the llnear gulde groove"
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.been brought up to the aforementloned engagement completlony'f;*'

:lposltlon) for 1nstalllng or detachlngvthe zoom: llns barrelgzz:"L'
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‘a bottom of the

) 12bn1, na.mely the engag::.ng pro:) ectlon l7cn1

'.:_.groove 12b1 and the engag:.ng pro:ect:.on 17b1

12b1 namely the engaglng projectlon 17c1 As'"':sh'ow'n 1n

Flgure 23 or 25 the engag:.ng prOJectJ.on 17¢i is formed

hav1ng an "M"-shaped outl:.ne so that the engag::.ng pro;ect:.on )
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17c1 does not :Lnterfere wlth two pro:)ect:l.ons 12a' formed on. N

- from Flgure 3 or 26 the two project:Lons 12a' form part of,

the £ female he11C01d 12a.

- . As shown in Flgure 25, another one of the -plurality of

l:.near gulde grooves 12b na'mely the 'linea'r~gﬁide Agroove

12bn1,' and another one of the plurallty of engaglng

) progectlons wh:.ch engages w:.th the linear gu:.de groovev-

e ot 'f”-

;hav:.ng the' aforement:.oned features of the l:Lnear gurde’f :

Strlctly speak:.ng; _the engag:.ng pro;)ectlon l7c1 engages

jw:.th the 11near gulde groove 12b1 1n a manner such that the.
'engaglng pro3ectlon 17c1 projects outwardly from the opt::.cal_'.
axis O by a length 't' . (amount of engagement) , measured 1n'.:
a rad:.al dlrectlon from the root of the female- he11c01d 12a,
- to the t:.p of the engag:.ng progect:.on 17ci as shown J.n__
'g:.FJ.gure 25 or 28 'I‘he tlp of the engag:.ng progect:.on l’7c:. -
'does not contact the bottom of the linear gu:Lde groove 12b1

Reference W shown m Flgure 25" or 28" represents the w:.dth A

of the engaging pro:ect:.on 17ci.’ Reference "xl" shown in

Figure 25 or 28 designates ‘a corner of the engaging

Inear gulde groove' 12b1 As can be seen-
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'projectioh 17ci ry 11ne connectlng xl' w1th xl“ (11ne xl-_, .

)

:f 'l) 1s 1dent1cal to the w1dth of the engaglng progectlon_, .

,17ci w\"; whlch 1s substantlally the same as the w1dth of:
;the llnear gulde groove 12b1 L |
On'thewother hand, the engaging'projection-17cni:
engages w1th the llnear gulde groove 12bn1 in a manner such
‘that the tlp portlon of the engaglng proyectlon 17cn1
progects 1nto the llnear gulde groove 12bn1 by a length "t
: (amount of engagement), measured in a radlal d1rectlon fromgf}7
ithe root of the female he11c01d 12a to the tlp of the'
jengaglng pro:ectlon 17cn1, as. shown ln Flgure 25 The tlp

of the engaglng pro:ectlon 17cn1 does not reachfthe5bo"tom$f,jiqyﬂ”'”

of the llnear gulde groove 12bn1 i The length is'f
<substant1ally the same as the aforementloned length "t"'_T
The engaglng pro:ectlon 17cn1 has substantlally the same:'l

ﬂmechanlcal strength as . the - engaglng pro;ectlon 17c1

-Reference 'w' shown in Flgure 25 represents the_w1dth of thel.~

"aengaglng pro:ectlon 17cn1.. Reference 'x2"shown;1n Flgure
'25.de51gnates-a corner oflthe engaglng pro;ectlon,l7cn1.:A
line connecting 'x2' with"xz' (lzne x2-x2) is 1dent1cal to
lthe width of the engaglng pro:ectlon l7cn1 ‘w*, whlch is

substantlally the same as the wzdth of the llnear gulde

1»groove2A12bn;. . S1nce the lengths j‘t‘ _and rf ‘; are
““substantially the same, the corners 'xl" ‘xlt and “x2" and

"x2" are substantlally located on a common clrcle (not'
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'”'axls 0 forms another i8¢

'groove 12b come 1n con

.57

shown) about the optlcal axls O ' In other words in Figure

¢ 25, the three p01nts,'1.e., the corners xl’f'"x ‘iand’the
optxcal axls O forms an 1sosceles trlangle, and another

'three p01nts, i: e. . the corners 'x2" "x2"and the optlcal*

The bases of the

c1rcle fcb‘ about the' optlcal ax1s 'd.-" Due to thls

arrangement the bottom surface of each of the llnear guldeA
'grooves'lzbl, 12bn1 extends 1n a plane perpendlcular to a.
'E:radlal dlrectlon of the cylindrlcal portlon 12p. Another‘

" common Lmaglnary c1rcle (not shown) about the optlcal ax15‘

-'~O w1th whlch the corners on th“'bottomiof each"lnea" gul‘t'

,1common Lmaglnary c1rcle cc,.but 1s substant1ally=the same as,'

'fthe common 1maglnary c1rcle cc 51nce the tlp of each'

.'engaglng pro:ectlon almost touches the bottom of the'

correspondlng llnear gulde groove 12b

The aforementloned other feature of the llnear gulde‘

,mechanlsm 1s that the part of the outer perlpheral surface;_
_of the cyllndrlcal portlon 12p, whlch 1s located at the’

"-p051tlon opp031te to the bottom of the llnear gulde groove

12b1, can be formed to be a flat surface extendlng parallel

to the bottom surface of the linear. guide groove 12b1 :Thls;

‘feature w111 be herelnafter discussed

The llnear gulde barrel 17 does not rotate Wlth respect

'hthan the:_
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"ﬁtwo~aso celesAtr1ang1es“each'touches a common 1maglnaryﬁpﬁf
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| hthe amount of engagement*
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to the flxed lens barrel block 12 . However, 51nce the thlrdiid'

':mov1ng barrel 16 rotates relatlve to the llnear gulde barrel'

17, the rotatlonal force of the thlrd ‘mo 1ng.barre1 16 1sv o

_transmltted from the male he11c01d‘16a‘to the femalef
hellCOLd 12a, and as a result the llnear gulde barrel 17
moves llnearly along the optlcal axls O whlle rece1v1ng that-

. rotatlonal‘force at_the,engaglng prOJectlons 17c through,the,i

'linear gdide grooves I2b?. Therefdre, 1f the aforementloned
'hamount of engagement 't' or 't" of each engaglng pro;ectlon:
.t‘l7c is too short and/or the w1dth w‘ or "w'" of each llnear§
gulde groove 12b is too narrow, the engaglng progectlons 17c>
- may dlsengage from the respectlve llnear gulde grooves 12bv
'when the llnear gulde barrel 17 moves llnearly along thef

optlcal ax1s 0 _ However, such a problem does not occur 1f3vdw

-‘projectlon 17c and the w1dth w' or;i:lfiofleach llnear:
'”igulde groove 12b are de51gned suff1c1ently large.::fx
As can be understood from Flgure 27, theflarger~the

w1dth of the llnear gulde groove 12b1 (the length of thef
11ne x1-x1); -v‘ the closer the llne xl-xl ' comes to’ thef;f.f;
:140ptical,axis d. -That is,. the w1der the w1dth of the llnearmu
~:gu1de groove l2by._7 the closer the llne xl-xl comes to thegj
”optlcal axls O than the llne x2 x2 For thlS reason, the.

thlckness of the cylindrlcal portlon 12p at the portlon~

thereof where the llnear gulde groove 12b1 is formed w1ll

'ﬁ or"t'"_of:eth engaglng,g,;h"
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-become greater than that . at the portlon where the llnear.

' the llnear gulde groove 12b1 1s formed so as to almost touch. .
":the trp of the engaglng progectlon 17c1 as noted above . in*

= such a case, the thlckness of the cyllndrlcal portlon 12p at

the portlon thereof where the llnear gulde groove 12b1 is

formed will be thicker than that at the-portlon where the

linear guide groove 12bni is formed”by a thickness "y*, as
shown in'Figure'27 References “Ll' and "L2* represent thef
.;length from the bottom of the llnear guide groove 12b1 to

lthe outer perlphery of the cylxndrlcal portlon 12p, and the

length from the bottom of ‘the llnear gulde groove 12bn1 to

the outer perlphery of the cyllndrlcal portlon 12p,f'

respectlvely The thlckness "y 1s equal to the dlfference

" between lengths "L1* and 'L2" (Ll L2-y)

In the present embodlment.zas 1llustrated 1n Frgure 28, .

iifthe portlon of the cyllndrlcal portlon 12p whlch forms the

E?;bottom of the llnear gulde groove 12b1 is formed to have the .
fsame thlckness as the portlon of the cyllndrrcal portlon 12p.
“where the llnear gulde groove 12bn1 1s formed by cuttlng

off part of an outer layer»of'the cyflndr;cal_portron 12p by-

- an amount,corresponding to the thickness 'yf., By so doing,

the part of the outer perlpheral surface of the cylrndr1cal
portlon 12p, whlch is located at the p051tlon opp051te to
the bottom of the_llnear gu;de,groove'12b1, is formed to be

LRI
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gulde groove l2bn1 is formed 1n the case where the bottom ofjﬂmifj-
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a flat surface 12x extendlng parallel to the bottom surface:

of the lznear gulde groove 12b1

The flat surface 12x 1s located 1mmed1ate1y riext to a
flat- surface PT1 of -a wall PT formlng a film chamber FC of;

the zoom lens camera of the present embodlment The wall PT

is secured to the flxed lens barrel block 12 and the flat

surface PTl extends parallel to the flat surface 12x Slnce'-
A the flat surface 12x lS formed by cuttlng off part of an
outer layer of the cyllndrlcal portlon 12p in such a manner-
‘as noted above, the fllm chamber FC is successfully located
closer to the cyllndrlcal portlon 12p towards the optlcal

'axls O by the amount correspondlng to the aforementloned:_

thlckness y . whlch contrlbutes to the mlnlmlzatlon of" the

512e of the zoom lens camera of the present embodlment, ‘

partlcularly, in the w1dth of the camera Thls effect1ve~

}'structure to mlnlmlze the w1dth of the zoom lens camera can

‘be apprec1ated by comparlng a. dlstance “H' from the optlcalh'

-axis O to the flat surface 12x W1th a dlstance 'R' from the'"

.optlcal axis O to an outer perlpheral surface of the_

cyllndrlcal portion 12p on whlch the flat surface 12x is not

formed ‘as shown in Flgure 29 ‘ The dlstances "H' and 'R"f
are also lllustrated 1n Flgure 25 ‘ The front and rear of
»ﬂ-the‘zoom lens camera of the present embodlment respectlvely:
-r correspond to the up and down as v1ewed in Flgure 29.

In the zoom lens;._c_amera of .the present embodiment, the

-
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61

aforementioned another~feature‘of'the linear'guide mechanism

is adopted to the llnear gulde groove 12bi and the engag1ng>
progectlon 17c1 However, such a feature may be applled to
.'any other llnear guidlng groove and engaglng projectlon{j;
'whlch engage w1th each other o | ‘” S . :
1 the above descrlbed embodlment of the zoom lens

barrel 10 although the Zoom lens optlcal system con51sts of'

two movable lens groups, namely the front lens group L1l and

" .the rear lens group L2 1t should be understood that the
°present 1nventlon is not llmlted to the present embodlment
'dlsclosed above, but the present 1nventlon may also be-'

applled to another type of zoom _lens optlcal 'system',”
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.-In.addltlon,'ln the above embodlment the rear lensﬁf"[‘

4,group L1 is prov1ded as a component of the AF/AE shutterw

unit 21 ‘and the AE motor 29 and the rear lens group dr1v1ng ,

motor 30 are mounted to the AF/AE shutter unit 21 ‘Wlth

fsuch a structure, the structure for supportlng the front and o
| rear lens groups Ll and L2 and the structure for dr1v1ng the'
;rear lens group L2 are both Smellfled Instead of adoptzng
such a structure, ‘the . zoom lens barrel 10 may - also be .
"reallzed in such a manner by maklng the rear lens group L2 a

‘member separate from the AF/AE shutter unlt 21, whlch is

provzded with the shutter mountlng stage 40, thevcircular

driving member 49, the supportlng member 47 the shutter
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' to the dr1v1ng plnlon 15 through the gear tra1n 26 whlch ls.”

‘dmov;ng barrel 16 in one predetermlned rotational dlrection_

ApoSition; i-e~. the w1de end At thls stage, due to the_;"

.supportlng member other than the AF/AE shutter unlt 21

€

blades 27 the shutter blade supportlng rlng 46 and the:
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1i ke, and that the Tear lens group L2 is* supported by anyp';::"

In the zoom lens camera of the present embod1ment,~thef’f.-'j

operatlon by rotatlon of the whole optlcal unlt dr1v1ng

motor 25 and the rear lens group dr1V1ng motor 30 will -now
be'described~with reference to Figures 17, 18, 19 ‘and 20.

As shown in Flgure 18 or 20, when the zoom lens barrel

| 10 is at, the most retracted (w1thdrawn) posxtlon, i.e. ,-the ‘
lens-housed condltlon, when the power sw1tch is turned ON
the whole optlcal unlt dr1v1ng motor: 25 is drlven to rotate‘

its drlve shaft ln the forward rotatlonal dlrectlon by a}&

-small amount _ Thls rotatlon of the motor 25 1s transmittedﬂﬁtﬁ

'supported by the supportlng member 32 formed lntegral w1th-"

:the flxed lens barrel block 12, to thereby rotate the thlrd:‘

to advance forwardly along the optlcal axls O Therefore,:'

_.the second mov1ng barrel 19 and the flrst mov1ng barrel 20

are each advanced by a small amount -in’ the optlcal axls

dlrectlon, along w1th the thlrd mov1ng barrel 16

Consequently, the ‘camera is in - a state capable of”

photographing, w1th the zoom lens p081tloned at the w1dest

fact that the amount of movement of the llnear gulde barrel'."‘
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l7; w1th respect to the flxed lens barrel block 12 i?-
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detected through the relatlve sllde between the code plate'“f"*.

) and L2 ls detected

In the photographable state as above descrlbed whenf‘i
'thebaforementloned zoom operatlng lever 1S'manually moved

'1toward5'a *tele* side,for the 'telé' zoom button is manually_

: ;depressed to be turned ON, the whole optlcal unlt dr1v1ng

‘Voptlcal axls o v1a the dr1v1ng plnlon 15 and the outerdf‘

,motor controller 60

'motor 25 is drlven to rotate its drlve shaft in the forward-

rotatlonal dlrectlon through the whole optlcal unlt dr1v1ng

.that the thlrd movzng bar

_perlpheral gear 16b _ Therefore, the thlrd mov1ngntfrrel 16; .

‘i3a and the contactlng termlnal 9, 'the focal length of the;tjff’

‘-zoom,lens<barrel.10‘ iif the front and rear lens _roups Ll;lw -

trotates 1n the rotatlonal dlrectlon to advance along'theztf

- 1s advanced from the flxed lens barrel block 12 accordlng to'l_ll

':the relatlonshlp between the female hellcold 12a and thefl

._male he11c01d 16a ':At the same tlme, the llnear gu1de~l

_barrel 17 - moves forwardly 1n the optlcal axls dlrectlon,

together wzth the thlrd mov;ng barrel 16 w1thout relatlve

'rotatlon to the»flxed lens barrel block l2( accordlng to the‘j'
‘relationshio between the engaging_projections‘17c!and the
llnear gulde grooves 12b At-this tlme;‘the 51multaneousi
engagement of the follower plns 18 with the respectzve lead a

slots l7b.and-l;near-gnlde_grooves 16c~causes;the‘second-

;



GB 2309551 _

:_lﬁc, Durlng such movements, accordlng to the fact that th

:f;mov1ng p051tlon of the llnear gulde barrel»l

Adr1v1ng motor 25 1s dr;ven to rotate 1ts drlve shaft 1n the

'_64v | .

movlng barrel 19 to move forwardly.relatlve to the thlrdw
movrng barrel 16 in the optlcal ax1s dlrectlon :whlle_i
rrotatlng together w1th the thlrd mOV1ng barrel 16 1n the‘

same’ rotatlonal d;rectlon relatzve to the flxed lens barrelo,
.block 12 ' The flrst mov1ng barrel 20 moves forwardly from};

' the second mov1ng barrel 19 ln the optlcal axrs dlrectlon,'

together w1th the AF/AE shutter unlt 21, w1th0ut“relat1ve

rotatlon to - the flxed lens barrel block 12 due to the.
_‘above noted structures in whzch the flrst mov1ng barrel 20

-1s gulded llnearly by the linear gulde member 22 and 1n

whlch the- follower plns 24 are gulded by the lead grooves '

~ to the flxed lens barrel block 12 1s detected through the:,.

relatlve sllde between the code plate 13a and the contactlngf‘

'termlnal 9 the focal length set by the zoom operatlon‘

;dev1ce 62 1s detected |
Conversely, when the zoom operatlng lever ls manua11y~

'moved towards a wrde' 51de, or. the 'w1de'gzoom,button.ls”

"manually depressed to, be turned ON, the whole optlcal unltgu,f

_reverse rotatlonal dlrectlon through the whole optlcal unltf

driving: motor controller 60 so that the thlrd movzng barrel
16 rotates in the‘rotatlonal dlrectlon:to'retract'lnto.the

fixed lems barrel block 12 together with the linear guide

w1th resp_ct SR
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-on the camera body

- 65

»barrel 17 At the same tlme, the second mov1ng barrel 19 1s¢g'

: rotatlng second mov1ng barrel 19 together w1th the AF/AE
' shutter un1t 21 4 Durlng the above retractlon dr1v1ng, llke

the case of advanc1ng dr1v1ng as above descrlbed ‘the rear :

A

,lens group dr1v1ng motor 30 is not drlven

Whlle the zoom lens barrel 10 is drlven durlng the,l

zoomlng operatlon,-51nce the rear lens group drrvxng motor

’30’is not driven, the‘front lens-group Ll and the rear lens

;_group L2 move as a whole,_malntalnlng a constant dlstance“kf'

between each other, as shown 1n Flgure 17 or 19‘»

'length lnput v1a the zoom code plate 13a and the contactlng

termlnal 9 lS lndlcated on an. LCD panel (not shown) prov1ded_

At any focal length set by the zoom operatlng devxce'_

' ]62_ when the release button is depressed by a half step, thef}”

object dlstance measurlng apparatus 64 is actuated ‘to

: ‘measure a current subject dxstance At the same tlme the

_ photometerlng apparatus 65 1s actuated to measure a current

subject brlghtness.. Thereafter, when the release button is

fully depressed the whole optlcal unlt derlng motor 25 and‘

the rear 1ens group dr1v1ng motor 30 are each drlven by

respective amounts dlctated accordlng to the focal length

Theffocalvf
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A.infOrmation& set _1n advance and the subject dlstance;:‘
lnformatlon obtalned from the object dlstanceAmeasurlngi
b'apparatus 64, so that the front.and rear lens groups L1 and' B
L2 are respectlvely moved to spec1f1ed p051tlons to obtaln a'
,spec1f1ed focal length to thereby brlng the subject into
focus. Immedlately after the subject is brought lnto focus,s
" via the AE motor controller 66 the AE motor 29 is drlven to
rotate the czrcular dr1v1ng member 49 by an amount,
correspondlng to the subject brlghtness lnformatlon obtalned
from the photometerlng apparatus 65 so’ that the shutter 27
is drlven to open the shutter blades 27a by a specxfled

amount whlch satlsfles the requlred exposure A'Immedratel”

'after such a shutter release operatlon,.ln whlch‘the threehjfth
shutter blades 27a are opened and subsequently closed
. rear lens group dr1v1ng motor 30 are both drlven to move thef
front lens group Ll and the ‘rear lens group L2 to the
' respectrve initial pos;tlons at which-they were at_prlor to
a shutter[release. . | |
In the present embodiment ofhthe ioomilensfbarrelald;_
"Fantas Coat SF 6' is used as the coatlng 72e.‘-ﬁoﬁeVer; a
‘_ d;fferent type of coatlng may be used as the coatlng 72e asp
long as it is waterproof and makes the-crrcular abuttlng
surface '72b a smooth surface to form substantlally no gapx

betweén the circular abuttlng surface 72b _and the
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c:.rcumferent:.al portion fp.
Obvious changes may be made in- the spec1f1c embod:.ments

of Kthe » present - 1nventlon descrlbed hereln, such

' mc;dlflcatlons be:.ngl w1th1n the : of theA
1nventlon clalmed ' -It 1s :LndlcateA 'that all matter
ontalned hereln is lllustratlve ana d esg not llmlt the‘
scope of’ the prese.nt lnvet;tlon.
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'7fjfof an optlcal axls of Sald lens barrel

-said outer barrel whereln f,ﬁﬁﬂ"ffﬂf.*""

SRS — ‘ B _ SR ‘ e _’.4._,#_..____ -

1L A.fleasi ‘bé‘rr-e‘i compfi’s“ihgsz- ,

an outer barrel prov1ded on an 1nner perlphery thereof

1ntersect1ng sald flrst thread and extendlng in- a dlrectlon"

La mlddle barrel prov1ded on an outer perlphery thereof
with a'second thread.for meshlng with said first'thread' and
~an inner barrel pOSLtloned 1ns1de sa1d maddle barrel

sald inner barrel belng prov1ded with at least one follower.

for engaglng w1th ‘said at least one llnear gulde groove, so

that sald lnner barrel 1s gulded along sald optlcal ax1s-

without’ rotatlng about sald 0pt1cal axls w1th resl;“i“”“f

a front end of'each of sald at least

jone llnear gulde groove 1s formed wlth at least one . enlarged

* width dlmen51on to enablej

rotatlonal movement of said at’ least one follower 1nto sald'-

at least one llnear gulde groove durlng 1n1t1al meshlng of

said mlddle barrel w1th sald outer barrel

2. A,' lens barrel accordlng to: ¢laim 1, further‘
comprlslng an annular retalnlng member for engaglng w1th a

front end of sald outer barrel

3. A lens barrel according to-claim 2, wherein said
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annular retalnlng member comprlses at least one engaglng

"prOJectlon for engaglng Sald at least one’ enlarged wldth
dlmen51on.' : T _

"4-,’ A 1ens barrel accordlng to clalm 3 whereln sald

-at least: one engaglng progectlon comprlses & surface

‘determlnlng a. front extremlty of sa1d at least one . llnear*
;gulde groove | . | S B
5. Alens bafrel-according to»claim'B'or-4; wherein said"
at leastAone linear guide grooveiis defined between-a first:
side surface and a second 51de surface, | |
sald flrst and sa1d second

' 'Slde surfaces extendlng ln sa1d dlrectlon of sald optlcal

: axls,‘and whereln sa1d at least~one engaglng_prOJectlon‘_'

comprlses an llnear gulde surface:which togetherﬁWLth sald
'flrst side surface llnearly guldes sald at least one
follcwer.

"..G. ' A lens barrel accordlng to clalm 5 whereln a

- dlstance between sald flrst s;de surface and sald second-

ls1de surface lS less than al
igulde surface and sald secondv51de surface.
7. A 1ens barrel accordlng' to any' precedlng clalm,
wherein sald -at least one enlarged ‘width dlmen51on comprlses a.
:'surface inclxned in a.drrectlon parallel to sald flrst thread.
8. A>Alen57.barrel -accord&ng »tohfany” preceding claim,
~whereinw~sald 1outern barrel oi formed ‘integrally Auith' a

statlonary block provzded in51de a camera body.

tance‘between sald llnear”:,g,f'



GB2309551 . . _____‘ e “._w..,r,_;'_-__..__,._._... e+ e Page 102 0f 106

_~7O'V
9. A lens barrel accordlng to any precedlng clalm, whereln sa1d
middle barrel is movable along sa1d optlcal ax1s together
w1th sald lnner barrel w1thout varylng a dlstance

therebetween, whlle sald mlddle barrel rotates about sald

‘ optlcal’axls relatlve to sald 1nner barrel

10 A 1ens barrel accordlng to any precedlng clalm,whereln sald‘
at least one follower 1s~formed at a rear end of said inner
barrel outwardly in a radlal dlrectlon of sald 1nner barrel

to engage w1th sald at least one linear gulde groove

11, A lens barrel accordlng to any one of clalms 3 to 6,

whereln sald at least one’ engaging pro;ectlon comprlses an

engaglng claw whlch projects outwardly 1n a radlal*dlrection offg

sald annular retalnlng member, sald engaglng cla engag1ngfw1th~dv

a hole formed in sald front end of sald at 1east one llnear
gulde groove-_lx Lo EEL AT AL AU L T
12. A lens barrel accordlng to any precedlng clalm, furthervg

compr;smng at least ‘one pro;ectlon formed at. a base,‘ of -
sald at least one llnear gulde groove, sald at least one Qv,f
pro:ectlon engaglng w1th sald second thread so as to‘
functlon as a part of sazd flrst thread . |
1§.~ A lens'barrel accordlng to any precedlng clalm, whereln

"-sald at least one follower and sa;d at least one linear gulde ‘ i
groove both have a width exceedlng a’ |

predetermlned. mlnlmunl width and a helght equal to a

predeterm;ned mlnlmum helght

14. A lens.barrel according to claim 12, . -wherein_
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_ _ 71 A
said at least one pro;ection is. formed substantlally centrally :
ln- the - 'Wldth dlmen51on of 'sald at least one llnear guide
:.agroove;' B :
15.. A iens barrel comprising:
'a barrel'provided on.an inneruperiphery :nereof with a -
'linear guide grOOVe extendlng in a.direction of an'optiCal
axis of:said-iens-barrel;:and | B
an annolar'member_arranged concentrically wlﬁh.saidA
,barrelr‘said annufar menﬁeriﬁeing'broﬁidea wfﬁﬁ'adfollower
forlengaglngfsald'linear.gﬁlde:grOOVefso'that said annular
member 1s guided along sa1d optlcal axls w1thout rotatlng aboutl_'
v“said optlcal axis relatlve to Sald barrel, . e
. whereln:a substantially plane surfacevis forned;in_an
‘outer perlphery of sald barrel radiallj;ootnardlywof-said

linear gulde groove.

16. A lens barrel accordlng to clalm 15. whereln

sa;d llnear gulde groove has a planar base extendlng in Sald-l
dlrection of sald optlcal |
axis and perpendloular.to a'radial direction of.said:ba:rE15

said plane surface being formed parallel to said Planar
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Vflrst thread

72
base,
'_;75 The lens barrel accordlng to clalm 15 or 16, further
comprlslng
‘a flrst thread formed on Sald 1nner perlphery of sald '

barrel so that sald llnear gulde groove extends w1th1n sald

a rotatlonal barrel pos;tlonable between said“barrel and-’

'eaid annular m'emb_er ’and -prov1ded with.a _ second thre"ad .fo’r -

meshlng w1th sald first thread so that sald rotatlonal barrel~
is movable along saldwopticai.axrs whlle rotatlng about sald"
optlcal axis relatlve to sald barrel, -and -

at least one projectlon formed at . a base of sald
llnear gulde groove,xsald at- least one prOJectlon engaging
w1th sald second thread so as’ to functlon as a part of sald

18;‘ A lens barrel accordlng to any one of clalms 15 to
':15 whereln eald tollower and sald 11near gulde groove areheacn
‘formed to have a Wldth greater than a. predetermlned mlnrmum
'*w1dth and a helght equal to a predetermlned mlnlmum helght.'

.1911'3' lens barrel accordlng to clalm 17 whereln
sald at 1east one pro;ect;on 1s formed substantlally in a ’

mlddle of sald llnear gulde groove in a c1rcumferent1al

dlrectlon of sald barrel

_ ... Page 104 of 106
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73
20. A lens bérrel-subsfahfiaily as hereinbefore described
‘with [ reference to Figqures 1 to 8 and 23 to 29 of the

accompanying drawings. . '
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